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Abstract
After exploring what it means to see architectural practice in an ethical framework, this
thesis describes a design experience, namely the author’s design of the Thurgoona campus
of Charles Sturt University, that is concerned with the interrelationship between
environmental responsibility and architectural decision-making. This thesis is not
prescriptive, but suggests a way of thinking through the complex nature of ecodesign as
applied to the design and construction of large campus style buildings.
Chapter One reviews the problems of integrating environmental concerns with building
design, and establishes the urgency for, and ethical responsibility of, designers to place
their work in a universal environmental framework.
Chapter Two develops a research methodology which includes the analytical use of case
studies. The reflective interpretation of an action grounded research methodology makes
use of the author’s architectural practice and research over the last twenty years. Eight case
studies selected from northern Europe ground the research in the context of a larger body
of work.
Chapters Three and Four describe the design process through a rather personal journey of
some of the author’s architectural work at the Thurgoona campus, and the reflective, rather
than quantitative, analysis of the design process in action on this project.
Chapter Five reviews values and design principles, integrates case study data, explores of
the implications to the theory, policy and practice of architecture, and identifies areas for
further research.
In summary, this thesis establishes the need for designers to acknowledge the connections
between building design and environmental problems, and tells the story of an ecodesign
process that attempts to deal with the consequent implications to architecture.
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iIntroduction: Setting the scene
This thesis is a culmination of ideas about the integration of environmental concerns into
the architectural design process acquired through my practice and research over the last
twenty years. Central to my thesis is the understanding and knowledge of a particular body
of work at the Thurgoona campus over a ten year period that will be of practical use to
architects searching for ways to incorporate their commitment to favourable environmental
outcomes into the design process. Case studies are explored to address the complexities
and inter-relatedness of building design and environmental conditions, particularly in
relation to the design of large campus style building complexes in Australia.
As a practising architect (Illustration I.1), I am uniquely
positioned to explore the case studies, which include some of
my work, through a reflective methodology that gives the
thesis a ‘real world’ setting rather than in a conceptual
representation of it. The inclusion of an analysis of my own
work enables inferences to be drawn based on directly
observable conditions and contributes to the practical nature of the resulting theory.
However, as a reflective methodology is unusual for a doctoral thesis, this introduction
provides the background, and hence rationale, for its use.
As a practitioner, rather than an academic, it is difficult sometimes for even me to
understand why I chose to embark on this journey. Initially, my motivation stemmed from
knowledge and experience gained from a four-year $114 million design project that was
not built, and the concern that, aside from the benefit of professional development gained
by the team members, much our work would be wasted. At this point, I proposed the thesis
be based on an action grounded research methodology. In the following eight years I
developed a distinctive architecture committed to the synthesis of ecological responsibility
and innovation, and perhaps above all, to the creation of meaningful environments. By
meaningful, I speak of an architecture that tells a story. For example, the use of rammed
earth and recylced timber, glass, and steel invite questions about materials and
construction. Buildings orientated for solar access and covered with extensive solar arrays
speak of energy and renewable resources. The careful use of space and materials, and the
forty-six composting toilets at Thurgooona teach about waste. The integration of rainwater
tanks, the meandering constructed creeks and wetlands animate the importance of water in
this dry arid continent. The deliberate alignment of significant vistas to stands of remnant
Illustration I.1: The author
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trees, and the ‘living museum’ of local vegetation planted along the waterways, and
supporting habitats gives a voice to biodiversity and ecosystems. One hundred percent
fresh air, abundance of natural light and non-toxic materials breathe comfort and health.
Hear how people are living in these surrounds, socialising with one another, planting
permaculture gardens, maintaining free bicycles for transport, and using the site as a
learning laboratory. Listen a little harder to hear the voices of the builders and designers
who have been able to rediscover their craft, working collectively to improve each project.
The overt articulation of ecological competence is teaching the local community, and
impacting on the wider systems serving the buildings.
In a way this cutting edge design on a tight budget became important as much for the
process, as for the technical outcomes. This led me to think about how I see the everyday
experiences of architects, and to reflect on my personal experiences at various times in my
life, and question how these experiences relate to forms of institutional, cultural and
political impediments to such a synthesis. When my critical voice is entered into the whole
picture, further insight then became a possibility. Consequently, I developed a reflective
methodology that better supported the intimate connection I had developed with the data
collected, and the elucidation of a decision-making process that tackles the complexity of
needs and values of ecological concerns, and building design from an ethical base.
The intention of the thesis is therefore two-fold. Firstly, to explore what it means to see
architecture as an ethical matter. Secondly, to describe a design process that was concerned
with the interrelationship between ethics and architectural decision-making. That in mind, I
argue that architectural change on any level of significance can only occur when both the
personal voices and the relationships to decision-making structure are better understood. A
brief background describing where I come from is therefore appropriate.
Background
I was brought up to have a social conscience, strongly aware of environmental and political
issues, and it had a profound effect on my view of life. I wanted to make some sort of
difference, to contribute to a fairer world.
When Jack Mundey, the Builders Labourers’ Federation (BLF) and green bans were at the
forefront of environmental activism, I was studying architecture. The social conscience and
political force of the New South Wales BLF that contested indiscriminate development and
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the exploitation of marginalised groups such as women, indigenous peoples, prisoners, and
gays and lesbians, provided me with a powerful lesson in responsibility.
Architecture, I was taught at University, is not an art, and implicit in this highly focused
view was the lesson that ethical concerns likewise did not matter. Certainly architecture
was not a political act and its legitimate form was confined to the rendering of services to
the client, the client being the one who pays. The wider public good which I had naively
assumed was ultimately what architecture was about didn’t get a mention.
Upon graduating I went to work in private enterprise. Firstly in Noosa Heads, Queensland,
on mainly residential projects, and then in Sydney where the work was largely commercial
projects for speculative developers. I enjoyed the problem-solving nature of architecture
and was satisfied for a while with finding acceptable solutions within developer’s
constraints, and also of course, I had a lot to learn. But after five years, I began to hanker
for employment that would provide more of an outlet for the unfolding of my social ideals.
In 1984, I moved to Canberra for a position with the National Capital Development
Commission, the planning, design and construction authority for the Australian Capital
Territory. Here I was involved in policy development and program implementation
encompassing land use planning, and the design, documentation and construction of
housing, civic, and community facilities. I was also involved in contract and project
management, critical review of delivery systems, and evaluation of more effective
management techniques for construction projects. As the Commission's representative on
a number of policy committees, I was responsible for presenting the Commission's views
and for providing essential advice on the potential impact of particular policies and
implementation strategies.
Five years later, I took a job with the Australian Construction Services, part of the
Commonwealth public service which I believed would offer more design opportunities.
From there I was seconded to the Australian Geological Survey Organisation (AGSO),
formerly Bureau of Mineral Resources (BMR), as the Senior Design and Project Architect
of their new headquarters building.
This project comprised a 30,000 square metre office and laboratory building for 520 staff,
at a cost in the order of $114 million in 1993 dollars (Illustration I.2). The design focus
was two-fold: To ensuring a safe working environment with future flexibility for the
changing needs of a dynamic organisation with diverse research and commercial program
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requirements; and to demonstrate
environmentally sustainable design. As the
Senior Architect of an integrated multi-
disciplinary project team, I was responsible
for the site and planning feasibility studies,
preparation of Cabinet submissions,
scheduling, quality assurance, risk
assessment, coordination and direction of
consultants, liaison with regulatory authorities, brief preparation, and design of the new
building. The project was politically very sensitive given the climate of organisational
restructuring and privatisation; however, we were successful in receiving funding from
Cabinet over the four-year design period.
During my employment by the AGSO, I visited and researched a number of international
examples of very large, environmentally sensitive buildings. I was concerned with the
short term, speculative nature of the construction industry in Australia, and the lack of
statutory environmental performance measurement or criteria which reinforced a standard
of large building design that showed little regard for environmental quality. In Northern
Europe, I observed quite a different pattern of development of owner-built and occupied
premises (Illustration I.3). I saw many more examples of innovative, ecologically
sustainable design, stemming from a longer-term view of the building as an investment,
and from staff management philosophies of freedom with responsibility. Corporate
responsibility was viewed as two-fold: to
society to reduce energy usage and minimise
environmental impact, and to employees to
provide a healthy and comfortable
workplace. In terms of space planning this
led to the provision of individual and small
group spaces, views to the outside, and a
higher degree of individual control over the
environment. Interestingly, much of the success of the marketing of office space based on
the healthy building concept was attributed to the resulting higher productivity of staff
observed in the owner-occupied examples.
When a change of government brought the project to an abrupt end, I was in a unique
position to write a doctoral thesis using selected case studies gathered as Senior Design and
Illustration I.2: AGSO design proposal
Illustration I.3: SAS headquarters building
vProject Architect for the new AGSO building. At this point, however, I was soon to
commence with Charles Sturt University, as Director of Design responsible for the site
planning, building design and documentation for their campuses, by and large based at
Albury-Wodonga, Wagga Wagga, Bathurst, and Dubbo in New South Wales.
Uniquely for a University, I was able to establish the Office of Design much akin to a
private architectural practice, in that all brief preparation, and most design and
documentation is undertaken in-house. The University already had a history of in-house
management of construction by trade packages. When I commenced, negotiations were
under way for the progressive purchase of a greenfield site for the Thurgoona campus at
Albury-Wodonga, for which I went on to plan the site and design the buildings.
Subsequently, I planned and designed the buildings at the Dubbo campus.
The Thurgoona campus is the outcome of a
comprehensive and environmentally
sensitive design strategy and is used as a case
study in this thesis (Illustration I.4). The
open setting sculptured by artificial creeks
and wetlands, native vegetation, a windmill,
solar collection panels, and buildings
articulated in rammed earth and recycled
timber clearly express the University’s
approach to environmental practice. Solar/hydronic heating and cooling, earth thermal
exchange, night cooling, innovative use of natural ventilation, daylighting, non-toxic,
recycled, low impact materials, composting toilets, greywater treatment wetlands and
stormwater reuse place this development on the leading edge of sustainable design.
The Interactive Learning Centre, the first building on the Dubbo campus, forms part of a
community Village which collocates the University with a new Senior High School
(Illustration I.5). The innovative architectural response to the issues of climate change,
energy-source depletion, and environmental impact, incorporates a passive cooling system,
natural ventilation and lighting, night cooling, solar design, and responsible water
management strategies. All stormwater is collected, treated in wetlands and reused on site
for irrigation and toilet flushing. Roof water is collected and used for the unique passive
evaporative cooling system (Illustration I.6). The local Council was employed for the
landscape design, planting and maintenance that centres on species from plant
Illustration I.4: Thurgoona campus
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communities that occur naturally in the Dubbo area and are particularly suited to ground
water use and salinity mitigation.
The Passive Downdraught Evaporative Cooling (PEDC) system integrated in the
Interactive Learning Centre at the Dubbo campus of CSU builds on earlier research work
based on experimental systems, however is unique in its design and application to a real
building of this scale. The experimental systems by Pearlmutter, Etzion, Erell, Meir and Di
(1997) in Israel, by Cunningham and Thompson (1986) in the United States, and by Givani
(1998) in Spain demonstrate that PDEC is effective, even under extreme conditions. The
Interactive Learning Centre at Dubbo benchmarks an innovative approach to natural
ventilation using four evaporative shower towers in the central space to provide cool air to
the surrounding teaching space and offices (Illustration I.7).
The success of these two projects has
established my professional abilities and
standing in architecture and related
disciplines, in its acclaim through awards and
publications, but more importantly in its
reception by the client body, and people who
live and work in these environments. The
publication and awards however only relate
to these projects for which I am best known,
less than half of my actual design work. The real joy, and certainly an advantage of
working with the University, is the ongoing and daily contact with people enjoying the
spaces they inhabit, be it a childcare centre, green space, laboratory, office or home. Many
of the awards listed in my CV have been given by professional bodies allied to
architecture. This recognition demonstrates my adherence to an integrated approach that
Illustration I.5: Dubbo campus Illustration I.6: Interactive Learning Centre
Shower Tower
Illustration I.7: Passive evaporative cooling tower
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acknowledges the concerns of engineering, construction, and environmental planning in
the technological innovation of design solutions. It is also perhaps this inclusive approach
that is of most benefit to students in my role as Adjunct Professor at Canberra University.
I was appointed as an Adjunct Professor at Canberra University in 2000, which is an
honorary position that involves occasional lectures and some participation in the School of
Environmental Design. In my limited contact with students, I try to emphasise that
architecture focussed on the isolated pursuit of a technological or stylistic artefact is
contrary to new understandings that the built object cannot rightly be separated from its
local, regional, or global context. What is needed is an approach to architectural education
that will produce graduates who can deal with multi-faceted questions, dissect the
problems and examine them from as many perspectives as possible; an interdisciplinary
approach that includes the concerns of building users, owners, designers, and community,
along with the consideration of environmental consequences.
The problems facing architectural education are fairly common to other discipline streams
and stages of education. We need to fundamentally change how we educate if we are to
equip ourselves to make the best possible environmental decisions - decisions that will
affect the future existence of our global ecosystem. How do we support a pedagogy that is
concerned not only with what is taught, but that how we teach will influence the flow of
ideas, the consequence of our learning, the relationships we establish, and how we behave?
How do we create an academic milieu that makes certain that the good ideas that rise up
from the staff and students are actually put into practice? An important objective of any
effort at institutional transformation may not be so much the achievement of a specific set
of goals, but rather to build the capacity, the energy, the excitement, and the commitment
to move toward rethinking our future. We need a vision of architectural education that
releases the creativity of individuals while strengthening the interrelationships of the
University and broader community.
The educational experience is inexplicably linked with research efforts. Many of my
architectural design projects may be considered the culmination of research in their own
right, and have certainly opened a plethora of research issues for ongoing analysis. Already
there has been a Master’s thesis exploring the radiant heating and cooling properties of
rammed earth, as well as two Honour’s theses on the greywater treatment wetlands, based
on the Thurgoona campus.
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I have prepared, in conjunction with David Mitchell, Professorial Associate, Johnstone
Centre, CSU, a policy paper, ‘Strategic Management of Thurgoona Campus’, which
canvasses opportunities to integrate design, operations, teaching and research practices of
the University. The report addresses strategic direction of priorities for education, research
and consultancy, and environmental management, and recommends initiatives in each of
these areas. The key point relates to how the campus itself becomes an experiential
learning experience. In a sense, this is what architecture can be all about. Architecture is a
interesting and valuable process, it may be a stage, or a performance. But ultimately it is as
a public art with the associated obligation of responsibility that draws out the kind of
possibilities and potential that architecture has to shape the present.
My approach to design is very much a cyclical process of projection, practice, and testing,
and involves continuing collaboration and interaction with academics and researchers as
important in this process, and to refining my skills. The importance of multi-disciplinary
teamwork has been a recurring theme throughout my work and is demonstrated by the
collective achievements realised in the multi-faceted design projects that I have been
responsible for, as well as my ongoing publishing and speaking record that crosses
discipline boundaries.
Methodological structure of the thesis
The intimate connection between my personal experience and the data collected is
established through the selection of case studies for this thesis, namely projects I had the
opportunity to visit and projects that I designed. This is reinforced as I trace elements of
my architectural experience, and connect dominant values within that experience to the
various case studies. I reflect back on the design process based on experience rather than a
theoretical construction. I argue that architectural change can only occur when designers
attain a level of ethical responsibility, and better understand their relationship to the
process of design.
The reflective methodology employed in this practice based research, which this thesis
documents, has been a three-step process:
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1. Understanding of the fundamental ethical principles that can account for our
judgments.
This begins in Chapter One with an overview of the current literature in the field and
is supported in Chapter Two with the introduction of the case studies. The AGSO
project from 1989-1993 and the international case studies are presented as formative
case studies, that is important to the maturation of the author’s architectural approach.
This places the case study project in an appropriate context that relates to a historical
perspective generally, as well as particularly to the development of the author’s
practice.
2. Generation of a clear framework for exploration of the design considerations in
the case study project.
Key observations by the author during the course of the Thurgoona campus project are
plugged into a conceptual framework in the form of a checklist. Chapter Three
describes the early stages of the site acquisition, planning, and building design of the
Thurgoona campus from 1994-1999 to elicit the fundamental values, principles, and
strategies of this real life design process. Chapter Four pulls apart the specifics of some
aspects of the design of one of first buildings at the Thurgoona campus and evaluates
the project. The early part of Chapter Five takes a closer look at the values, principles
and design action necessary in a design process with regard for ecological concerns in
building design.
3. Contribute to our knowledge and understanding of intuitive and ethical decision
making relevant to architecture.
The thesis is an elaboration of a personal a step-by-step narrative of the design and
realisation of a series of successive projects by the author. The story telling form of this
thesis is inherently interpretative based on learning from the activity of designing.
Recommendations for the design of universities or large campus style building
complexes are elucidated.
This thesis does not theorise about what is wrong in architecture today, nor does it attempt
to deconstruct the discipline, but rather presents an analysis of my participation in the
design process. Why is architectural theory often devoid of personal narrative? What
relationship has architectural theory to the everyday practice of architecture? I have
developed a reflective interpretation of an active grounded research methodology that
xmakes a contribution to the body of architectural knowledge that is grounded in the
realities of architectural practice.
Conclusion
The objectives of this thesis are to recognise the need for designers to acknowledge the
connections between building design and environmental problems, and to advance our
understanding of the consequent implications for design. The theory of architecture is
extended by taking a personal journey through case studies of the author’s experiences as a
practitioner of architecture. The evocative nature of architecture and the iterative nature of
the process of creating architecture are explored through the author’s experiences whilst
engaged in an ecologically thoughtful approach.
In this thesis I raise some questions about the state of practice and theory in contemporary
design of the built environment. What are the values of today's designers? Will architects
emulate the colourful and brave campaign of the New South Wales Builders Labourers’
Federation to civilise the building industry, and make the public sphere accountable to
protect the environment? Or will unenlightened commercial considerations and the
conventions of building practice continue to dominate decision making about the
environment.
1Chapter One: Introduction to the problem of environmentally
sensitive design for large buildings in the Australian context
1.1 Background to research: Trends and concerns in contemporary
thinking about the built environment
This thesis reflects on the author’s environmentally sensitive approach to the design of the
Thurgoona campus of Charles Sturt University and explores the thought processes that
underpinned it. The implications for architectural theory, policy and practice of an
environmentally sensitive approach to the design of large buildings in Australia, in
particular University buildings, are considered. Fundamental to this task is the need to
establish the political context which governs the development of planning policies and
guidelines and ultimately provides essential practical and legal support, and to identify an
appropriate ethical framework which will enlighten and inform the making of judgements
inherent in the design process. To authenticate the importance, and urgency, of the
acceptance of environmental responsibility by building designers, the deleterious impact of
buildings on the environment also needs elaboration.
1.1.1 Ecologically Sustainable Development - Australian Government perspective
This brief examination of the current definition and status of ecologically sustainable
development (ESD) in Australia will set the political context for the development of this
thesis. The interactive nature of environmental issues makes it important to begin with a
broad outlook on Australia’s response to concerns such as climate change, ozone depletion,
resource depletion, deforestation, desertification, biological diversity, air and water
pollution and waste management (Agenda 21, 1996-2005).
Australia is party to a number of international agreements that provide a broad framework
for global sustainable development and set the direction for more detailed policy and
legislative initiatives. More than ten years ago, the United Nations Conference on
Environment and Development, held in Brazil in June 1992, Australia signed the Rio
Declaration on Environment and Development, Agenda 21, the UN Framework
Conventions on Climate Change and Biodiversity (UNFCCC, 2003).
Following on these agreements in December 1992, the Commonwealth Government’s
National Strategy for Ecologically Sustainable Development defined ecologically
sustainable development in Australia as
2...using, conserving and enhancing the community’s resources so that ecological processes on
which life depends, are maintained, and the total quality of life, now and in the future, can be
increased (p. 6).
The United Nation’s World Commission on Environment and Development (WCED)
includes consideration of the needs of future generations in its definition of sustainable
development.
By adding the concept of enhancement, the Australian policy implied a slightly more active
approach than that called for by the U.N., but not vigorous enough to avert the criticisms of
the ESD Policy Unit of the Australian Conservation Foundation (ACF) and the World
Wide Fund for Nature, Australia (WWF) (Environmental Impact Assessment and
Ecologically Sustainable Development in Australia. A Discussion Paper, 1993). These
organisations criticise the government’s limited analysis of the issues of population growth
and increasing development and its rather open ended interpretation of sustainability to
mean whatever suits the individual development. In their submission to the
Commonwealth Discussion Paper on Ecologically Sustainable Development, the ACF and
WWF specified the following principles for ESD:
- inter-generational equity
- conservation of biodiversity and ecological integrity
- constant natural capital and sustainable income
- anticipatory and precautionary policy approach
- social equity
- qualitative development
- pricing of environmental values and natural resources
- global perspective
- efficiency of resource use
- resilience to external or ecological shocks
- external economic balance; and
- community participation (Hare, et al).
At the time, commenting on the status of ecologically sustainable development in
Australia, the ACF and the WWF concluded:
... it is apparent that principles of ESD have not yet been institutionalised in Australia ... It
remains to be seen whether implementation of the National Strategy for Ecologically
Sustainable Development released in December 1992 will bring about the necessary cultural
changes. (Environmental Impact Assessment and Ecologically Sustainable Development in
Australia. A Discussion Paper, 1993, p. 3).
Phillip Toyne, former Director of the ACF and well known conservationist, uses case
studies in his book The Reluctant Nation to illustrate the inadequacies of the Australian
3government’s means of dealing with environmental issues. He takes a dim view of
government’s efforts to resolve conflicts between development and environment:
This presents a complex if not confused picture marked by an ad hoc approach which leads to
the gloomy conclusion that for all mechanisms tried, a durable, effective measure has yet to be
found (1994, pp. 2,3).
Unfortunately, the need for clarification and ostensible implementation of sustainable
development policies is as relevant today as it was eleven years ago. In the years leading
up the Kyoto Climate Change Summit in 1997, the Australian government directed its
research and development efforts at power generation with coal and fossil fuel, and
significantly reduced its interests in renewable power generation (Ellyard, 2001). At Rio
Plus 10 held in Johannesburg in 2002, the agenda for free trade and growth, especially of
the western countries, was paramount, leaving the raft of other worldwide problems
neglected or unattended to. Australia has still not ratified the Kyoto Protocol and is one of
only fourteen out of a total of one hundred and thirty countries not to do so, of which only
half are Annex I parties, that is the forty one industrialised countries that have contributed
most to climate change (UNFCCC, 2003).
The State of Environment Report (2001) points to building development as one of the
unsustainable pressures facing Australia; particularly relevant to this thesis are the issues of
environmental health, material usage, energy usage, indoor air quality and waste.
The Environment Protection and Biodiversity Conservation Act 1999, requires Australian
Government agencies to report annually on their effect on the environment and identify
steps taken to minimise their impact. Reporting must include performance against the
following principles of Ecologically Sustainable Development (ESD):
1. Integration of economic, environmental, social and equitable decision making.
2. Application of the precautionary principle if there is a threat of environmental
damage.
3. Application of the principle of inter-generational equity.
4. Consideration of the conservation of biological diversity and ecological integrity in
decision making.
5. Promotion of improved valuation, pricing and incentive mechanisms.
This discussion demonstrates a government recognition and commitment, albeit on a policy
level and quite limited, to addressing environmental issues generally, and related to
buildings specifically. The comments on the shortfalls of the definitions and actions in
4implementing policies highlight the complexity of the issues and conflicts of interests, and
are a useful starting point for the examination of environmental responsibilities.
1.1.2 Environmental ethics
The concept of a green ethic is not new. The earliest record of a utopia in European
literature idealises nature (Ferguson, 1975), and for example, Taoism and Buddhism are
based on the philosophy that everything is intrinsically interconnected and we must adopt
an unassuming and compassionate nature (Eckersley, 1992). Victor Hugo wrote of the
‘great ethic’ (Passmore, 1973), and in the 1940’s, the ecologist Aldo Leopold (1949) spoke
of a land ethic which ‘is right when it tends to preserve the integrity, beauty and stability of
the biotic community. It is wrong when it tends otherwise’ (1949, p. 240).
The rise of the environmental movement may be marked by publications such as Rachel
Carson’s popular book Silent Spring, and Murray Bookchin’s Our Synthetic Environment,
both in 1962. The emphasis placed by these writers on rethinking our relationship with
nature remains an important aspect of green philosophies. It took a decade for
environmentalism to be translated into an organised ecopolitical form. In 1970 the first
Earth Day was held, and the first green bans of the New South Wales Builders Labourers’
Federation (NSWBLF) commenced. The first national Greens party, New Zealand Values
Party, was established in 1972, shortly after the founding of the first Green party, the
United Tasmania Group.
The picture of environmental conflicts becomes more complex and further confused when
one examines the philosophical questions related to environmental issues. Early positions
are now criticised for being patronising and chauvinistic. The philosopher John Passmore
in Man’s Responsibility for Nature (1973), after noting four major ecological problems:
pollution, the depletion of natural resources, the destruction of the species, and over-
population, goes on to present views of society’s responsibility as one of stewardship, with
humans as custodians of nature. However, he is not optimistic about Western society’s
powers, as:
... Stoic-Christian traditions are not favourable to the solution of its ecological problems -
those traditions which deny that man’s relationship with nature are governed by any moral
principles and assign to nature the very minimum of independent life (p. 195).
Passmore, then, doubted that (Western) ‘man’ would view and act upon environmental
problems in an ethical framework. He was, nevertheless, one of the first contemporary
ethical theorists to write about the environment.
5Philosophers and conservation activists, Val and Richard Routley, in their paper ‘Human
Chauvinism and Environmental Ethics’, criticise Passmore’s view as inconsistent with a
deeper environmental ethic. They argue that the concept of humans as custodians implies
an acceptable and complete interference with the environment from a human dominant
position. The Routleys present a new environmental ethic that in recognising natural
objects other than humans as having independent value, they argued we will need to
‘...reflect and formulate, and enable the defence and application of, a new, increasingly felt,
but not so far well articulated system of values…’(1980, pp. 2,3). According to the
Routleys, these new values on a practical level call for a definition of resource management
which will embrace environmental management, economic theory (founded on
environmental principles) and science.
Don Mannison, in his paper, ‘A Critique of a Proposal for an “Environmental Ethic”: Just
Why is it Bad to Live in a “Concrete Jungle”’, acknowledging the finer points of these
discourses, sums up the sentiment of these philosophical debates as follows:
That there is an urgent need for all of us to thoughtfully and imaginatively reassess our attitudes
to -- and perhaps, our beliefs about -- trees and wilderness, the air we breathe, the animals with
which we share this planet, and the innumerable varieties of delicately -- perhaps even
precariously -- balanced ecosystems that constitute our largely non-manmade environment, is
beyond all reasonable doubt. If Richard and Val Routley have accomplished nothing else, we
should be in their debt for redirecting our philosophical attention, and perhaps, for redefining
the conceptual parameters that must be acknowledged if we are to think rationally and usefully
about our relationship with what has been called “nature” (1980, p.52).
Mannison goes on to introduce an issue new to the philosophical treatment of the
environmental debate- that of the person-made environment. The argument centres on the
question of whether an ethic can be detached from the needs and interests of the human
evaluators and suggests that a much larger class of non-moral behaviour is generated from
a human chauvinist ethic.
People’s relationship with nature is not only ethical, but also political. People suffer not
only from damage to the environment, but from the process itself. A process orientated
outlook recognises that the way people think and behave characterises their moral
judgements. As Robyn Eckersley (1992) argues ‘the cultivation of an ecocentric culture is
crucial to achieving a lasting solution to the ecological crisis’ (p. 185). This involves ‘the
generation of new ways of seeing and new visions of an alternative ecological society that
enable people to imagine or visualise what it might be like to live differently, and with
greater ecological security’ (p. 186). Val Plumwood (1993), formerly Val Routley,
emphasises that as air and water become increasingly polluted, the biospheric means for a
6healthy life will be increasingly privatised, available at a price to those who can afford
them. Issues of justice and the environment are therefore, inseparable, as the people and
non-humans that will suffer are those without market power. It is chiefly the empowerment
of nature that distinguishes a deep green philosophy.
...an adequate green philosophy will have to cater for both sorts of concerns, those concerned
with human social systems and those concerned with nature, and give an important place to
their connection and accommodation (p.14).
Clearly the responsibility for the mess we are in lies with us. As ecofeminist Rosemary
Reuther (1989) points out, the social system may not be good for the environment or for
any of us, but the reality is, we are the social system.
An ecological ethic must always be an ethic of ecojustice that recognises the interconnection
of social domination and the domination of nature (p. 149).
To effect social and political change it may be necessary to focus on the process of change
and how to go about change, which may be as important as what is done.
Judith Plant (1990) develops the notion that the hierarchal attitudes of human society have
been projected onto nature. Plant argues that to change our relationship with nature we
must change our attitudes and start thinking feelingly about each other and the
environment.
Ecology teaches us that life is in a constant state of change, as species seek ways to fit in
particular environments that are, in turn being shaped by the diversity of life within and around
them. Adaptation is a process. Ecology helps us develop an awareness of the need to
incorporate these organic facts into our most general views of the world- those views that shape
the way humans will be in the world (p. 156).
Plant proposes the adoption of bioregionalism, the practice of ‘learning to become native to
a place, fitting ourselves to a particular place, not fitting a place to our predetermined
tastes’ (p. 158), which could enable us to realise practical social change.
Philosopher Peter Singer likewise recognises the nexus between social and environmental
issues. Singer (1993) stresses the urgency for individual attitudinal change, given that it is
not in the interests of elected politicians to initiate change that challenges the fundamental
assumptions of society.
...we are part of this world and there is a desperate need to do something now about the
conditions in which people live and die, to avoid both social and ecological disaster....We have
to take the first step. We must reinstate the idea of living an ethical life as a realistic and viable
alternative to the present dominance of materialistic self-interest (pp. 234,235).
Singer is convinced that, by individually adopting an ethical way of living, in a very
practical and everyday sense, and demonstrating that psychologically, socially and
ecologically, it works, then social attitudes will change. What is argued is that the dominant
7political and economic model encourages people to act on unenlightened self-interest and
that in social and environmental terms this is unsustainable.
So what should our goals be? The pressing ecological need to change our economy offers us
the best opportunity for centuries to reflect on this question, and to find out what it is really like
to live as well (p. 54).
To achieve this far-reaching and powerful social, economic, and consequently political
change, Singer appeals ultimately to one’s desire for fulfilment in life.
Most important of all, you will know that you have not lived and died for nothing, because you
will have become part of the great tradition of those who have responded to the amount of pain
and suffering in the universe by trying to make the world a better place (p. 235).
Philosopher, Karsten Harries (1998) says playing one’s part in life ‘…is to be experienced
as more that a meaningless routine that has little to do with who we really are, it must be
supported by dreams and ideals that put us in touch with what most deeply moves us’ (p.
325).
Philosopher, Roger Scruton suggests that fulfilment in life or happiness, is not simply what
is desired, but extends to what is valued (1979, p. 31). Comparing values he argues that
values ‘…have a more intimate connection with our self-identity, and involve a deeper
sense of ourselves as creatures responsible for our past and future’ (p. 114). The process of
self-conscious reflection involves seeing oneself with ‘…fulfilments and satisfactions
which can be described only in terms of values that transcend the sphere of individual
impulse …and it indicates the way in which the serious choice of a future may be
impossible without the passage from private to public’ (p.246-8). Environmental activist,
Richard Register (2002) suggests that we need to look at the built environment as a whole
healthy living system and asks the following questions:
Can we create afresh our natural and built environments, even ourselves, as we look out onto a
hopeful future? Can we, with the strength of our conscience hitched to our reason, make peace
between ourselves and our world…? Can we learn to live that way, into a future of ecological
health and human creativity and compassion? (p. 282)
Traditionally human’s relationship to the environment has been mapped out assuming the
exploitation of nature, or at best the management of nature. According to McDonough
(1996), ‘our present systems of design have created a world that grows far beyond the
capacity of the environment to sustain life into the future’ (p. 407). Such approaches to
design are based on a principle of total use, implying that every natural area or thing should
be cultivated, resourced or otherwise used or enjoyed by humans. Such views are
inconsistent with an environmental ethic.
In the fifties and sixties designers began to reconsider the social, cultural, and ecological
roles of architecture. When the Australian architect, Robin Boyd (1963) said ‘Architecture
8makes a statement with its motive…’ (p. 247) and spoke ironically of efforts to ‘correct’
the Australian landscape, was he supporting an environmental ethic? He was certainly
proposing something like a bioregional approach to design.
Victor Olgyay’s Design with Climate. Bioclimatic Approach to Architectural Regionalism
(1963) was the culmination of the previous ten years of research by Victor and Aladar
Olgyay, but is seen by Victor as only a first exploratory step in the debate about more
appropriate architecture. Although focused on bioclimatic design Olgay touches on a wider
appreciation of environmental architecture when he draws an analogy between natural
formations and architecture,
In natural history the rule is universal that only species are fit to survive which are in harmony
with their environment, balanced with their tissue materials, and adapted to all internal and
external forces to which they are exposed (p. 84).
A thoughtful design approach may well be characterised by degree of subjectivity with
immeasurable qualities such as aesthetic sensibility and intuition. Traditional approaches to
architecture have involved the creation of a setting, based on metaphors, rather than a
considered analysis of the ethical inferences of environmental considerations to design
decisions (Birkeland, 1994).
It has been argued that to make ethically valid, aesthetic decisions, there is a need to
combine the quality of subjectivity with a sense of the cumulative effects of actions of the
past and positive strategies for change in the future.
A new environmental ethic presents a threat to the established organisation of space, as it
involves a re-conceptualisation of space from a new political, social, economic and
aesthetic standpoint. Society is accustomed to a very determinate planning and design
context, as Elizabeth Grosz (1992) notes:
... the city’s form and structure provide the context in which social rules and expectations are
internalized or habituated in order to ensure social conformity, or position social marginality at
a safe or insulated and bounded distance (ghettoization) (p.250).
The process and form of an ethical re-conceptualisation of space may lead to quite
unknown and different outcomes, which challenge the existing power structure. Sophie
Watson and Katherine Gibson (1995) suggest that the determinate nature of current
political and planning practices is inappropriate for a rapidly changing society and that a
shift to a more flexible and indeterminate decision making process is needed.
It is clear that the consumption patterns of development in industrialised countries, are
thoroughly stressing the global ecosystem, creating huge inequities with the developing
9world which on a basic level needs more raw material, energy, and economic development
to overcome critical economic and social problems (Agenda 21, 1996-2005). Agenda 21
points to depletion of the natural resource base, degradation of fragile eco-zones, chemical
pollution and the use of building materials harmful to human health caused by the
construction sector as a major source of environmental damage. Compounding the harmful
side-effects on human health and on the biosphere by the construction industry is the lack
of integration of economic, social and environmental concerns in decision-making at the
policy, planning and management levels (Agenda 21, 1996-2005).
Philosophical inquiries indicate conceptual shifts in thinking about people’s relationship to
the environment and provide a necessary understanding of the practical moral, political and
aesthetic grounds for revisions in current thinking about architectural practice. What is
argued is that the detrimental ecological impact of human intervention demands a new
environmental ethic that acknowledges the moral responsibilities of aspects of life that may
not be perceived as having a direct relevance to humans, that is a non-human centred ethic.
If people take on moral responsibilities and develop a new social and economic order based
on environmental ethics, then either new urban expressions or new behaviour is
appropriate. A response based on the resolution of individual needs, cultural change,
environmental sensitivity and sensibility and equity issues will be required.
The deliberate integration of environmental ethics to design decision making is needed to
tackle the complexity of needs and values of environmental concerns and building design.
Specific ethical approaches may be discerned from the literature to support a global
perspective to development that deals with issues of inter-generational equity, conservation
of biodiversity and ecological integrity, social equity and efficiency of resource use.
It is too easy to shy away from acknowledging that any design process is value-laden and to
present an ‘objective’ approach. By the inclusion of an ethical framework upfront, the
subjectivity and indeterminacy of a design process concerned with equity and ecological
integrity is legitimised.
1.1.3 Environmental responsibility of architects
The International Union of Architects and the American Institute of Architects have
embraced the Declaration of Interdependence for a Sustainable Future (1993) which
commits architects to design that
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...integrates consideration of resource and energy efficiency, healthy buildings and materials,
ecologically and socially sensitive land-use, and an aesthetic sensitivity that inspires, affirms,
and enobles... (p. 1).
Leading European architects have issued a charter for Solar Energy in Architecture and
Urban Planning (Herzog, 1996) that calls for an urgent reorientation of our thinking about
the process of construction.
The role of architecture as a responsible profession is of far-reaching significance…. In future,
architects must exert a far more decisive influence on the conception and layout of urban
structures and buildings on the use of materials and construction components, and thus on the
use of energy, than they have in the past.
The aim of our work in the future must, therefore, be to design buildings and urban spaces in
such a way that natural resources will be conserved and renewable forms of energy- especially
solar energy- will be used as extensively as possible…(p. 1)
The Charter goes on to establish specific responsibilities of designers in planning projects
in a broad context, specific building developments, use of materials and forms of
construction, use of buildings, and urban design.
Louise Cox, then National President of the Royal Australian Institute of Architects (RAIA),
in introducing the RAIA’s Environmental Policy reinforces the urgent need for architects to
act on their environmental responsibilities with the following statement:
We are facing an ecological imperative, and community concern about environmental issues is
increasing. Architects have a responsibility to reflect these concerns in their work and to make
a stronger, clearer commitment to ecological sustainability (RAIA Environment Policy, 1994,
p. 86).
The policy sets out the following principles for adoption by architects:
1. Maintain and where it has been disturbed restore biodiversity.
2. Minimise the consumption of resources, especially non renewable resources.
3. Minimise pollution of soil, air and water.
4. Maximise the health, safety and comfort of building users.
5. Increase awareness of environmental issues (pp. 87-88).
These policies indicate the growing recognition by architects of their responsibilities for the
contribution of building development to environmental problems. Once this recognition on
the part of architects is coupled with and legitimated by an emphatic ecologically
sustainable design policy on the part of the federal government, specific ESD design
strategies for large buildings (among other things) will be in order. Meanwhile, difficulties
of individual isolated implementation hinder significant change. The urgency of Louise
Cox’s call for architects to ‘make a stronger, clearer commitment to ecological
sustainability’ is paralleled by other voices, such as Susan Coldicutt, former Head of
Department of Architecture, University of Adelaide, whose statement regarding the status
of the RAIA’s environment policy seems to invite a ‘conscience vote’:
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...let us use the policy for the many good things it can achieve, but remember that since policy
generalises, and design is particular, no policy, no matter how excellent, can substitute for the
creative leads that can truly inspire a new understanding of the interrelationship of ourselves
and our environments (RAIA Environment Policy, 1994, p. 93).
Brian Edwards (1999) describes the implications of emerging trends in environmental law
to the designer and is convinced that regardless of our individual stance, we will be forced
through legislation to adopt a more morally defensible position.
Since environment, health and safety are major preoccupations of European legislators, an
ethical shift is rapidly unfolding and old practices are quickly becoming obsolete. … A
visually rich, environmentally responsive, socially just architecture will emerge under the
dictates of the new laws (p. xvi).
David Lloyd Jones (1998) does not have the same faith in the legislators and places the
onus of responsibility back with designers, builders, and developers.
If progress towards sustainability is confounded by the ebb and flow of expediency at
governmental levels, how can architects, engineers, designers, builders and traders make a
difference? The fact is that in the long run it is they alone who can make a difference (p 243).
1.1.4 Contribution of buildings to environmental problems
The scope and extent of the contribution of buildings to environmental problems is well
recognised. The construction industry consumes 32% of the world’s resources and accounts
for around 5%-15% of the gross domestic product in OECD countries, a third to a half of
commodity flow by weight, 45%-55% of their gross capital formation and 5%-10% of total
employment (OECD, 2003). In world terms, buildings account for 25%-40% of total
energy consumption in operational energy alone, 12% of the world’s fresh water, 40% of
waste going to landfill and 40% of air pollution emissions (OECD, 2003). Buildings
adversely affect the health of the occupants, who may spend 90% of their time indoors,
with the pollutant levels of indoor air being 2.5 times, and sometimes more than 100 times
higher than outdoor levels (OECD, 2003).
Buildings contribute to environmental degradation in many ways. They play an important
role in the increase of greenhouse gases; the breakdown of the ozone layer; deforestation;
the production of waste and associated waste disposal problems; soil, water and air
pollution; damage to ecosystems in general; and the loss of species and habitats. This may
seem a far-flung net, but an analysis of environmental effects which are complicated by
overlaps and interrelatedness, requires an all-inclusive approach. The construction of large
buildings increases unchecked, apart from some very local environmental considerations.
At present, nothing other than the most tentative of government policies and the conscience
of architects themselves oversees the ecological sustainability of these buildings. And yet
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they present ever-increasing circles of deleterious environmental impacts with local,
national and global implications.
Greenhouse gases
The issue of energy and buildings and the emission of greenhouse gases is complex.
Henderson & Shorock (1990) indicate that in industrialised countries about half the total
emission of the major greenhouse gas carbon dioxide is attributed to the energy used by
buildings. Although half sounds considerable, the percentage is probably much higher
because the energy use in these studies has been defined with only a nominal consideration
of the use of energy by industry supporting the building industry. There was no inclusion of
the energy use associated with the establishment of these industries, and no allowance for
transport or agricultural sectors. Incorporation of the full impact of embodied energy of
building materials leads to the conclusion that our approach to building development may
have a most significant role to play in the reduction of the emission of greenhouse gases.
At the present rate, the greenhouse gas emissions of commercial buildings is expected to
nearly double from 32 Mt of CO² per annum to 63 Mt between the years of 1990 and 2010
(Australian Greenhouse Office, 1999, p. 4)
Energy consumption
In Australia as much as 50-60% of reticulated energy has been estimated to be used
annually by the building sector (Ansems, 1993). The Ecologically Sustainable
Development Working Groups Final Report - Energy Use (1991) identifies the main
factors of operational energy consumption in completed commercial buildings as heating,
cooling, ventilation, lighting, and equipment. The report identifies an increased rate of
consumption of commercial buildings in 1990 of 6.4% in natural gas and 11.7% of
electricity. This compares with an annual increase of energy use in Australia of 2.2%
between the years of 1973-1988, which is a faster rate than in other developed economies.
The Australian Commercial Building Sector Greenhouse Gas Emissions 1990 – 2010
(1999) report estimates that operational energy is responsible for 89% of commercial
buildings’ greenhouse gas emissions comprising 28% from cooling, 22% from air
handling, 21% from lighting and 13% from heating. Therefore in terms of operational
energy, air-conditioning, lighting and heating account for 84% of commercial buildings’
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greenhouse emissions (p.1). Commercial office buildings were responsible for 27% of total
building greenhouse emissions in 1990 (p. 6).
The failure of building design to address issues of energy use was recognised almost fifteen
years agoin the Final Report- Energy Use (1991) when it concludes: ‘Existing standards
and practices in the design and construction of buildings have led to considerable waste
and inefficiency in energy use’ (p.37).
It is worthy to note here how the interrelatedness of systems vexes environmental planning.
Introducing a more energy efficient air conditioning system, for example, only serves to
mask the other problems related to our continuing reliance on air conditioning, such as the
production of chlorofluorcarbons or hydrofluorocarbons that contribute to the breakdown
of the ozone layer, not to mention the role of air conditioning in the ‘sick building
syndrome’.
Resource depletion
The building industry consumes the most raw materials short of food production (Berge,
2001, p. 5). Australia extracts several times the material of other OECD countries at 180
tonnes per person per year (State of Environment Report, 2001). Australia is the largest
consumer of water internationally using 1540 kL per person per year and less than 7% of
wastewater is re-used (State of Environment Report, 2001). Significant quantities of water
are used by the construction industry (Treloar, et al., 2004). The embodied energy of
materials, including processing, manufacture and construction, is 20-50 times the annual
operational energy of most buildings (Treloar, Fay, et al., 2001).
Eight million tonnes of construction and demolition waste are dispersed to landfill each
year of which 25% is concrete (State of Environment Report, 2001). About 10% of the total
waste in the building industry is due to materials ‘lost’ during storage, transport and
installation (Berge, 2001, p. 8). A simplistic, but useful view of the importance of the
durability of a material is that material that lasts twice as long another choice will do half
as much environmental damage (Berge, 2001, p. 8). The use of materials with a long life
cycle may have a compounded effect in terms of minimising waste, replacement and
energy.
Australia’s ecological footprint is 5 times the global average (State of Environment Report,
2001). Huge quantities of renewable and non-renewable natural resources are consumed by
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the construction industry. The impact of the present level of resource consumption is of
concern in terms of resource depletion, energy availability and the waste and pollution
produced through the extraction, production and use of materials.
Deforestation
The environmental impact of materials selection has become well recognised. The
Australian Bureau of Statistics Year Book (2003) identifies the key issues as durability,
lifecycle energy use, environmental impact of all materials and processes, recycling
potential, and transport. In particular relation to the use of timber and other harvested
products, the report notes the
“…adverse impacts on biodiversity, including extinction of species, destruction of natural
systems and habitat, degradation of ecosystems and fragmentation of habitat and
populations”.
The Resource Assessment Commission has determined that by the beginning of the last
decade over half Australia’s forests had been eliminated or severely damaged (Forest and
Timber Inquiry, 1991). The construction industry plays a significant role in the
deforestation process. Dr. Graham Holland and Ian Holland (1991) in their paper
‘Appropriate Design Decision Making’ report that for 1988-89 the use of Australian native
hardwood for sawn and veneer logs was 39%, of Australian produced softwood 62%, and
of imports of sawn wood 22%. It is estimated that 50% of native forest timber in Australia
is exported as woodchips (Clark, 1995, p. 11).
The Holland and Holland evaluation consider the impacts of forestry, forest conversion,
forest management and the use of nutrients and fertilisers, on wildlife, soil conservation,
water quality, and the global atmospheric carbon budget. The issues are complex, but a
number of conclusions may be drawn from their examples. The removal of native forests
results in the loss of diversity of species and numbers, and logging of old growth forests
severely threaten wildlife habitats. Clear felling appears to reduce water supply, and there
is a high risk of fertiliser waste and ground water pollution from conifer plantations.
Clearing of forests for pastures results in a loss of carbon to the atmosphere, and
conversion of old growth forests may have a similar effect. For the building industry it is
important that whereas timber construction stores carbon, the use of some materials
releases carbon to the atmosphere. For example, a timber framed house can lock up 27
tonnes of carbon dioxide, compared to the construction of an equivalent steel framed house
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which contributes 11 tonnes of carbon dioxide to the atmosphere (Ecologically Sustainable
Development Working Groups Final Report- Forest Use, 1991).
In The Use of Rainforest Timber in Commonwealth Construction, a report prepared for the
Hon. Stewart West, former Minister for Administrative Services, by Australian
Construction Services in 1989, concern at the use of rainforest timbers in construction is
highlighted as follows:
At the current rate of use it is estimated rainforests in the South East Asian Region will be
depleted within 50 years. It takes 50-100 years for plantation timber to reach a level of
maturity suitable for harvesting. Any move to reduce the demand for rainforest timber and
encourage timber plantations must be taken now for it to be useful in the long term. The
alternative is to accept extensive deforestation, with its environmental consequences, within the
foreseeable future.
The Australian Bureau of Statistics (2003) points out the difficulty that builders have in
identifying the environmental issues related to particular materials, implying the need for
more information to be available and for environmentally preferred materials to be easily
identifiable.
The Good Wood Selection Guide (Greenpeace, 2005) proposes the following categories as
a guide to sourcing environmentally preferred timber:
1. Category 1 Sources – Gold Medal (Priority/Preferred Choice)
- Certified or Verified Recycled, Reused, and Urban Salvaged
- Certified Australian/New Zealand plantations, woodlots or agro/farm forestry enterprises
- Certified or verifiable ‘ecotimber’ from Melanesian community ecoforestry
Processing Requirement:
- Timber: non-toxic preservation treatment
- Paper, etc: TCF (Total Chlorine Free)
- Panels and manufactured boards: non-toxic adhesives – no formaldehyde, and non-toxic
preservation treatment
2. Category 2 Sources – Silver Medal (Second Choice)
- Plantation and planted areas that are in transition or have made a commitment to certification
- Recycled, Reused and Urban Salvaged
- Certified imported sources from secondary forests, semi-natural forests or plantations
Processing Requirement:
- Timber: non-toxic preservation treatment
- Paper, etc: ECF (Elemental Chlorine Free)
- Panels, etc: non-toxic adhesives – no formaldehyde, and non-toxic preservation treatment
3. Category 3 Sources – Bronze Medal (Fall-back sources)
- Plantations
- Certified sources not covered by Categories 1 and 2
Processing Requirements:
- Timber: minimised use of low-toxicity preservation treatment (not CCA)
4. Category 4 Source – Non-starters (Destructive sources – don’t go there!)
- Wood products from native forest sources in Australia
- All sources not verified as lawfully harvested
- Uncertified sources from logging of natural forests, esp. Papua New Guinea, Solomon
Islands, Indonesia, Malaysia, Burma, Cambodia, Vietnam, Brazil, and African nations.
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Processing Requirements:
- Timber: toxic timber treatment e.g. CCA (Tanalised), PCP.
Recently, the Hancock Victorian Plantations with 245,000 ha of plantations in Victoria, has
undergone Forest Stewardship Council (FSC) certification (WWF, 2004) providing for the
first time a choice of FSC certified Australian timber.
Land degradation
Soil erosion, salinisation, acidification, pollution of waterways and reduced biodiversity are
some of the indicators of land degradation. It has been estimated that at 40% of land in
Australia is degraded and that it may be as much as 66% (Malafant et al, 1999, p. 458).
Land degradation, depletion of water supply, and the declining quality of water are major
problems in Australia. Inappropriate agricultural, grazing, and irrigation practices, and
deforestation has resulted in salinisation, erosion and acidification of soils, changes in
water tables and salinisation and chemical pollution of water. One measure of this neglect
of ecological impacts is the estimated loss of thousands of hectares of arable land each year
(James, 1991).
Pollution and waste disposal
Solid waste is the primary source of land and soil pollution, excluding agricultural use of
pesticides and fertilisers. In Sydney, industrial and building waste amount to 1,280,000 and
610,000 tonnes/year, most of which is disposed of as landfill (Waste Disposal, 1994).
Landfill as a method of waste disposal presents a major threat of leachate, potentially
contaminated with toxic organic compounds and heavy metals, reaching groundwater and
waterways. Landfill gas contributes to greenhouse gas emissions and smog, and on a
global scale, constitutes the third biggest source of methane gas in the atmosphere
(Department of the Environment, 1993). Other landfill issues include damage to local
ecosystems, hygiene problems and alienation of the landscape.
It has been estimated that construction waste, including manufacturing, site wastage and
packaging from one new home equals 2.5 tonnes (Waste Disposal, 1994). Sources of
environmental impact related to the manufacture of building products include:
- siting of the manufacturing plant and establishment of related infrastructure;
- pollution discharged from the plant;
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- extraction of the resources, such as timber from native forests, bauxite and mineral
sands;
- use of harmful ingredients or pesticides, CFCs, HCFCs, etc;
- energy efficiency in production or use, such as packaging;
- final disposal of products.
The manufacturing sectors that pose the highest threat to the environment are chemicals
and petroleum refinement, iron and steel, non-ferrous metals, cement, pulp and paper, and
processing of some minerals and rural products. A significant reduction in waste will
require a reduction or recycling of large items of industrial waste, and organic materials,
for example building materials and garden refuse.
Sick buildings
Building construction, design, use and maintenance influence indoor air quality. The
health problems associated with indoor space are particularly serious because some
chemicals will be 100 times more concentrated indoors than outdoors (Pilatowicz, 1995).
Furthermore, the problems of indoor air pollution are increased in air conditioned
environments and more people are working in air conditioned buildings.
In 1989, 46% of the some two million workers in Victoria spent or had the potential to
spend their working day in an air conditioned building (Williams & Watts, 1990). The sick
building syndrome, legionnaire’s disease, humidifier fever, hypersensitive pneumonitis and
work-related asthma are among the health problems linked to air conditioning. The causes
have been related to:
- system design and inadequate maintenance;
- inhalation of dust particles and of a range of micro-organisms such as moulds, fungi,
amoebae, bacteria and nemotodes;
- airborne contaminants such as formaldehyde;
- emissions from building materials and furnishings, cleaning chemical fumes, carbon
dioxide and monoxide;
- fumes released from office equipment;
- polluted air drawn in from outside;
- dusts and fibres and microbiological pollutants from carpets, occupants and air-
conditioning systems;
- inadequate fresh air;
- other possibilities including low humidity, lack of negative ions, inadequate air
movement, high temperatures, and lack of individual control over environmental
conditions (Williams & Watts, 1990).
18
The research by Williams and Watts (1990), which involved a detailed survey of 58 air-
conditioned office buildings in Melbourne, brought to light concerns in system design,
cleanliness and maintenance, and fresh air provision. The study concluded that the
minimum standards for the provision of fresh air in air-conditioned offices in Australia and
the desirability of the incorporation of full fresh air cycles should be reviewed and that
building designers should redirect the emphasis to naturally lit and naturally ventilated
buildings. Some other factors that may affect the health of the building occupants include
poor lighting, electromagnetic fields associated with electrical distribution and equipment
such as monitors and radon and radon decay products which may be present in high levels
in the site and building materials.
Ten years later, it is estimated that urban populations spend and average of 96% of each
day in a range of enclosed environments such as the home and workplace, and that indoor
pollutant sources have the predominate impact on indoor air quality compared to outdoor
air pollutants (State of Environment Report, 2001). Commonly indoor air pollutants reach
such high levels because of emission from multiple sources and the practice of re-
circulating ventilation air (Brown, 2004). The State of Environment Report (2001) points to
overseas research that attributes very high costs of health care and lost productivity of
workers to poor indoor air quality. The lack of a regulatory authority with a clearly defined
responsibility for indoor air quality is a key reason for the poor control of indoor air quality
by industry and Government (Brown, 2004).
Conclusion
Environmental impacts are associated with the extraction, processing, delivery and use of
all building materials, as well as the form, operation, and maintenance of the building.
This discussion has tried to touch on some of the broader environmental issues that are
relevant to the judgements required by the designers of buildings.
Commercial office buildings are the single most significant building type in terms of
greenhouse emissions (Australian Greenhouse Office, 1999, p.6). Clearly the continued use
of non-renewable materials with high embodied energy and water is not sustainable, and
the use of resources in the construction industry needs to be reduced. Materials loss needs
to be reduced through improved design, handling and construction practices. The present
level resource use is not sustainable, and given that design largely determines the use of
materials, the focus should be at the design stage (State of Environment Report, 2001).
19
Buildings need to use less energy intensive materials and lesser quantities of materials.
They need to be more durable, to need less frequent refurbishment, to use labour intensive
rather than production intensive construction techniques, to source materials locally to
avoid energy and pollution impacts of transport, and to reduce operating energy.
The issues are complex. The designer must balance the advantages of, for example, a
passive solar design with high thermal mass and highly insulated windows employing
materials with high embodied energy content, against the life cycle benefits of reduced
energy use. Economic constraints often preclude the imaginative refinement of
construction detailing to ensure, for example, the ease of reuse of building materials that
would increase their useful life. Likewise, the prevailing aesthetic view may also constrain
the implementation of the use of low energy materials such as rammed earth and mud
bricks. Even daylighting comes under attack because of perceived problems with glare and
overheating. However, simple techniques such as the control of sun penetration through
shade devices and the specification of plantation timber trusses in lieu steel are within the
reach of all designers. Much can be achieved by space planning aspects of the building
design. By ensuring a high degree of flexibility, the useful life of the building may be
increased.
Solutions will vary in different circumstances, but there is no doubt that more research and
education is needed on the causes and implications of environmental problems. It is clear
that meeting the challenge of limiting environmental damage requires not only insight into
the complex interrelatedness of environmental actions, but must also grapple with the
wider issues of greenhouse gases, energy consumption, deforestation, pollution, and waste.
To address these wider issues, designers must take into account the source of the problem,
not just the effect, and ensure that the proposed solutions do not lead to greater detrimental
environmental impact within the local, regional and global context. The holistic nature and
complexity of environmental problems combined with a lack of technical knowledge and
political support are too easily used as excuses to avoid any serious consideration of
appropriate solutions. The adoption of an ethically cohesive design approach supports the
implementation of a design process concerned with equity and ecological integrity.
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1.2 Research objectives: Identification of the core research problem of
environmentally sensitive design for large campus style building
complexes
1.2.1 Research problem and hypothesis
The need for a new approach to building development is evidenced by the contribution of
buildings to the ecological crisis we are facing, by calls from government at the national
and international level, environmental philosophers, as well as from the architectural
profession. This thesis does not attempt an analysis of environmental change and its causes,
but traces development of the author’s thinking and design action in response to the
detrimental environmental effects of large buildings, or rather as in the case of the
Thurgoona campus, a large group of small scale buildings. It will establish a platform for
continuing dialogue for building designers on a number of questions.
How is an increasing concern and awareness of the contribution of buildings to
environmental problems translated into built solutions?
Are designers equipped to evaluate the complex design alternatives to address some
of the present and future issues of environmental impact and community cost?
How is the perception that the complexity, and consequent cost of addressing these
issues, is prohibitive, overcome?
The boundaries and rationale for the research problem are formulated by certain
assumptions surrounding the tremendous power that designers of the built environment
have in imagining and shaping the future, and the consequent special responsibility they
have. During the process of industrialisation, the architecture of internal workspaces in
large buildings became characterised by the provision of totally controlled interior
conditions with little or no consideration of the building’s potential relationship with or
impact upon the outside environment. The consequences of this defensive, or perhaps even
combative, attitude towards the purposes of large buildings are not only detrimental to the
environment, but also to those who occupy these workplaces. Cultural changes in post-
industrial society are increasing appreciation of the need to provide for more individual
control and freedom in one’s work and workplace conditions. Problems related to the
depletion of resources and pollution are leading to an increasing trend of connectedness
between buildings and the environment they are part of.
Current architectural practice faces a serious choice of a future characterised, on one hand,
from the passage through the trend for uniformity to the satisfaction of the individual’s
21
perceived desires, and on the other, from a manifestation of individualism to the pragmatic
recognition of a new environmental ethic. These choices are curiously entwined. Both
require a design approach that not only integrates the concerns of building users, owners,
designers, and community, but one that recognises the environmental consequences
inherent in the design process. Given the nexus between knowledge and values in dealing
with environmental issues, the process of changing our design approach may be as
important as the change itself.
Central to the contribution of knowledge made by this thesis is the author’s reflection on
her design and construction experience of the Thurgoona campus of Charles Sturt
University over a ten year period. An architectural design approach that was sensitive to
contemporary environmental understandings and commitments is explored. The
performance of the campus is evaluated, in so much as data is available, and there is
reflection on what might have been done differently at the design stage, and how the
performance could be improved. Conclusions are reached surrounding the implications of
this experience to architectural theory, policy and practice relating to the design of large
buildings in Australia, in particular campus buildings.
1.3 Rationale: Formulation of the boundaries for the research problem
1.3.1 Literature review of environmental architecture
The earlier discussion of the radical conceptual shifts in philosophic thinking about
people’s relationship to the environment touched on the emerging environmental ethic in
architecture. Also indicated was the growing recognition by architects of their
responsibilities for the contribution of building development to environmental problems.
Traditional architectural positions in relation to the environment have been mapped out
assuming the exploitation of nature, or at best the management of nature. These
approaches to design lead to a principle of total use, implying that every natural area or
thing should be cultivated, resourced or otherwise used, and such views are inconsistent
with an environmental ethic.
Given the reflective nature of this thesis the architectural literature most relevant to
author’s architectural development and thought processes is singled out for review.
Ian McHarg (1969), although promoting design with nature, appeals very much to the view
of nature as occupying a lesser position in the scheme of things: ‘Canvas and pigments lie
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in wait, stone, wood, metal are ready for sculpture, random noise is latent for symphonies,
sites are gravid for cities’ (p.1).
Anne Whiston Spirn (1984), landscape architect and urban planner, despite writing fifteen
years later, speaks in equally simplistic terms of clean air and water, resource conservation,
and waste minimisation as the solutions to urban problems. Spirin’s recipe for the design of
a utopian future continues in this human-centric vein:
Every building, every park, and every highway is designed with more than one end in mind.
Each is regarded first as a unit with specific primary uses, then as an element in a small, local
system of other buildings, parks, streets, and finally as a part of a larger, regional system of land
uses and environments. Thus, not only is every building constructed to conserve energy, but
also to create a comfortable environment in surrounding streets, plazas, and structures (p. 272).
Victor Olgyay’s (1963) book Design with Climate, discusses the adaptation of shelter to
climate and proposes a design method for ‘environmental adjustment’ to achieve
‘architectural unity’. Olgyay’s one way sequential approach from climate through biology,
technology to architecture is epitomised by his view that ‘man is the fundamental measure
in architecture and the shelter is designed to fulfil his biological needs’.
The desirable procedure would be to work with, not against, the forces of nature and to make
better use of their potentialities to create better living conditions. The structure which in a
given environmental setting reduces undesirable stresses, and at the same time utilises all
natural resources favourable to human comfort, may be called “climate balanced” (pp. 10-11).
Olgyay’s treatment of nature as a setting for architecture does not deal with the potentially
environmentally destructive aspects of building development and in a broader context is
particularly climatically unbalanced. Although basically only addressing thermal comfort
and energy use, Olgyay, and others of the passive solar ilk, did provide a useful platform
for the development of a more comprehensive environmentally conscious design
philosophy.
In the early 1990s, several writers broadened the scope of environmental criteria, but the
emerging complexity of each issue left designers with a large degree of uncertainty in much
decision making (MacKensie, 1991; Meckler, 1993; Szokolay, 1992; Vale, 1991; Brown
and Tucker, 1992; McDonough, 1996; Woolley et al, 1997).
Dorothy MacKensie (1997) outlines the importance of energy efficiency, site analysis, solar
design, heating systems, lighting, building materials, building controls, ventilation and air-
conditioning and the re-use of existing buildings. Selected case studies are used to
demonstrate the built results of incorporating ecological considerations in design but are
lacking in any critical analysis. MacKensie’s work may help raise awareness of the
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relationship between design decisions and environmental issues, but it does not advance
much in the way of specific information or strategies for design.
Brenda and Robert Vale (1991) discuss the history of architecture and its relationship to
environmental problems and develop, through the examination of case studies, principles
of green design. The Vales’ case study approach reviews buildings that fit each particular
principle, namely:
Principle 1 Conserving energy A building should be constructed so as to minimize the need
for fossil fuel to run it (p. 70).
Principle 2 Working with climate Buildings should be designed to work with climate and
natural energy sources (p. 84).
Principle 3 Minimizing new resources A building should be designed so as to minimize the
use of new resources and, at the end of its useful life, to form the resources for
other architecture (p. 107).
Principle 4 Respect for users A green architecture recognizes the importance of all the
people involved with it (p. 128).
Principle 5 Respect for site A building will ‘touch-this-earth-lightly’ (p. 141).
Principle 6 Holism All the green principles need to be embodied in a holistic approach to
the built environment (p. 150).
The interrelatedness of these principles is highlighted by their commentary on holism.
It is not easy to find buildings that embody all the principles of green architecture, for a green
architecture is yet to be realized. Nevertheless, the following two buildings are described to
show that it is possible to construct an architecture that embraces the majority of the principles
(p.150).
The Vales’ principles are more down to earth than the rather pious Hannover Principles
established by William McDonough Architects (1996) for the city of Hannover, Germany.
1. Insist on the rights of humanity and nature to co-exist…
2. Recognize interdependence…
3. Respect relationships between spirit and matter…
4. Accept responsibility for the consequences of design decisions…
5. Create safe objects of long-term value…
6. Eliminate the concept of waste…
7. Rely on natural energy flows…
8. Understand the limits of design…
9. Seek constant improvement by the sharing of knowledge… (p. 409).
What we can learn from these later approaches is that design guidelines must derive from
an ethical position. Brian Edwards (1999) establishes a legal context for accepting our
moral responsibilities, and goes on to compile a fairly comprehensive collection of chapters
dealing with construction services, energy and pollution, water conservation,
environmental impact, health and safety, recycling, ecology, and sustainable development.
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The authors of the Green Building Handbook (Woolley et al, 1997) make the point that the
environmental impact of all decisions relating to the design of a building needs to be
evaluated. To this end they define four principles of green buildings:
1. Reducing energy in use.
2. Minimising external pollution and environmental damage.
3. Reducing embodied energy and resource depletion.
4. Minimising internal health pollution and damage to health.
Baruch Givoni (1998), academic and researcher, has written an excellent guide to design
considerations for the indoor climate, the urban context, and the interactions between the
urban climate and buildings. The book is limited to considerations of the impact of climate
on building and urban design, but provides a good reference in that context and culminates
with guidelines for different climatic regions.
Steve Szokolay (1992), Australian architect and specialist in architectural science, outlines
the scope and responsibilities of architects, engineers and politicians, to minimise climate
change. Szokolay’s recommendations and examples are focused on domestic architecture.
Following a general discussion of the greenhouse effect, the issues of capital energy,
operational energy, passive and active controls, and renewable energies are briefly
discussed. Szokolay’s later book, Introduction to Architectural Science: The Basis of
Sustainable Design (2004), expands the discussion and includes waste, pollution and
damage to ecosystems, in relation to building design.
The series, Design Tools and Techniques published by the Passive Low Energy
Architecture International (PLEA) in association with the Department of Architecture,
University of Queensland, is committed to the development of a level of technical
competence in bioclimatic design. The series editor and former president of PLEA, Steven
V. Szokolay (1996), defines the aims thus:
The 1993 Chicago Congress of the International Union of Architects issued the Declaration of
Interdependence for a Sustainable Future. PLEA principles are gaining ground. This
declaration provides a useful framework, the essential skeleton. We see our task now in putting
the muscles on the skeleton, in providing assistance for the realisation of these principles (p. 1).
This is an essential step in equipping architects to deal with environmental design. The
next step, according to Jeffrey Cook (1991), founding member of PLEA, is the radical re-
conceptualisation of architecture: ‘Architecture must not just symbolize, but it must
activate the continuous interwoven cycle of things’ (p. 5).
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The HO+K Guidebook to Sustainable Design (Mendler & Odell, 2000) developed out of an
in-house guide for staff, attempts, through checklists and case studies, to share an
understanding of and integrated response to sustainable architecture.
As we have been working to address sustainable design issues and opportunities in our work,
we have come to understand that we need two things: a greater base of information to inform
our decision making, and a revised and expanded design process (p. 3).
The book is admittedly, ‘an ongoing work in progress that represents our evolving
knowledge’ (p. 3), and as such has gaps and in some areas a rather narrow focus, probably
related to the experience on a particular project. Nevertheless, it is an attempt to share a
practical approach to decision making that may help a design team organise activities and
keep track of issues. Perhaps production in an interactive electronic format would assist in
its intended use as a work in progress.
Daylighting for Sustainable Design by Mary Guzowski (2000), academic and director of
the Daylighting Lab at the University of Minnesota, is a comprehensive selection of case
studies integrating approaches to daylighting, on both a theoretical and practical level, with
ecologically responsive design. The book explores design principles, concepts, and
strategies through examples, and canvasses environmental considerations, architectural
applications and human relationships. Guzowski discusses the importance of how we
design and think about ecology, and the need for these processes to be transparent.
By making our thinking and design processes visible, we can build our ecological literacy
(whether through education and communication during design or through the expression of
ideas in built form) (p.387).
Bill Lawson’s (1996) Building Materials, Energy and the Environment reviews some
commonly utilised building materials in terms of embodied energy, and examines some
case studies. Another single-issue focused book is Timber in Context: A Guide To
Sustainable Use by Anne-Marie Willis and Cameron Tonkin (1998). This book is a highly
useful guide to the design and specification of timber in Australia. Likewise, Hazardous
Building Materials: A Guide to the Selection of Environmentally Responsible Alternatives
(Curwell, et al, 2002) is an excellent reference to the specification of safe and
environmentally friendly materials.
Green Buildings Pay, by Brian Edwards (1998), is pitched at the property industry and
demonstrates through a collection of articles and case studies the indirect and direct
benefits of integrating energy, environmental and ecological perspectives into building
design. However, the case studies reflect the usual emphasis on energy conservation with
26
some small concessions to the use of natural materials, and the very title suggests that a
shift in world view is not contemplated.
Anna Ray-Jones (2000) compiles the green projects of Nikken Sekkei, one of the largest
architectural firms in the world, along with a series of technical essays. The extensive range
of buildings and the acknowledgment of the need for profound change required to the way
buildings are designed is impressive, particularly coming from such a commercial firm.
The Nikken Sekkei approach, described by Katashi Matsunawa, Director, recognises a
continuing learning process of how to produce green buildings as vital to a sustainable
future. The philosophy places the onus on the designers to find the appropriate answers
unique to each region.
A pattern is emerging from the examination of environmental philosophy, environmental
problems, and the views of some contemporary proponents of environmental design. There
is little exploration of the integration of ethical propositions as the performance base for
architectural design decision making. The design process is at risk of becoming merely a
scholastic exercise, undertaken not to explore potential solutions, but to build a case for a
predetermined view. All the factors that would allow a defence of a particular solution will
never be known. However, decision making may be guided by ‘scientific’ information that
is shaped by social assumptions and values. Designers need to feel secure with this
knowledge before having the confidence to take responsibility for the values that guide
selections that shape the built environment. Designers need a clarity of purpose and fluidity
in process to balance environmental ideals and the need for radical change in society with
practical limitations. Inherent in this balancing act is the need to address the web of
interrelationships between the issues.
Defining the gap
The review of literature will continue throughout this thesis. Initially the review has been
focused on placing the thesis in context with an existing body of knowledge; in particular
the emphasis is on literature influential to the author’s design experiences during the
duration of the case study project. The literature review therefore sets the scene for
reflection on this particular design experience, the rationale and motivations for certain
decisions. Generally, the review has concentrated on the identification of literature directly
relevant to the author at the time; however the net will be broadened during the course of
the thesis.
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The Australian government and Royal Australian Institute of Architects’ perspectives on
ecologically sustainable development are well established, albeit very generalised, in
publications and policies. What is lacking is any detailed examination of the implications
of these policy level commitments to the practice of architecture.
Central to this thesis is the assumption of an environmental ethic. The literature review has
found that discussions of architectural ethics within the relevant time frame are mainly
related to business practice. At the other extreme is a work solely on ethics and
architecture (Capelli et al, 1990)
This study of ethics has aimed to make us more conscious of the intentions that architects bring
to design, and the values that they edify with their projects.... By giving ideas form and creating
the setting for everyday life, architecture gives the values it embodies the semblance of
inevitability (p. 164).
Regardless of the implied importance of environmental issues of a discourse on ethical and
moral problems faced by architects, the subject is not broached. Furthermore, the focus is
on aesthetics, which is likewise pursued without comment on sensitivity to the
environment, with the exception of literally visual concerns. It is worth noting that people
who so directly influence peoples’ lifestyles appear to have no clearly defined ethical base
for their actions.
The literature available on the impact of buildings on the environment, although sufficient
to establish that there is a big problem, tends to be scant and focused on single issues. The
narrow orientation of the research in this field probably reflects the complexity of the
problem, the interests of individual researchers, and the nature of research funding. Most of
the writing on this topic is particularly abstract, and centres on historical, aesthetic, or
social aspects of architectural theory, rather than an investigation of how buildings are
designed. The most appropriate references in this area appear to be commentaries by
designers on particular projects; however these generally lack any in depth description of
the design experience or process.
Limitations and key assumptions
A major limitation is the lack of comprehensive narratives about the design and
construction of projects that progress through the detail of the design process to thinking
about the practice of architecture in a reflective manner. A notable exception is Brenda and
Robert Vale’s The New Autonomous House (2000) which records the design and
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construction of the authors’ house in the United Kingdom, and discusses the philosophy
that informed the design process.
Within the time frame of the design of the Thurgoona campus case study, there were no
Australian examples of large buildings that demonstrated an environmentally sensitive
approach, as opposed to a merely energy efficient design. There were limited international
examples, and information available in print form showed limited depth, therefore the built
examples analysed in this thesis are those that the author had the opportunity to visit.
The few examples of large buildings that attempt to comprehensively deal with passive
design, water conservation, sensitive selection of materials, and waste management
demonstrates a serious lack of understanding and clarity in current building design and
research, or a lack of documentation. The author has also found it difficult to find
information in a standard format which would lead to comparability due to the diversity of
buildings, systems, and climates.
The literature research and examination of case studies so far indicates that the tendency of
designers is not to record the design process. Publications on the theory of the design
process often do not relate the application in practice. Therefore, this thesis does not intend
to assess the relative merit of particular theoretical design methods.
Thurgoona campus was selected as the project case study because of the author’s unique
experience as the architect and site planner of the campus, and the relevance of the project
to architectural theory, policy and practice in relation to the design of large buildings,
particularly campus style buildings, in Australia. The Thurgoona campus is planned to
exceed 30,000 m² within 10-15 years, the other case studies in this thesis are of large
commercial buildings ranging from 15,000-70,000 m². The Thurgoona campus buildings
are disaggregated and limited to 2 storeys, and although the lowest in height of the case
studies, are not unique in terms of being clusters of smaller scale buildings.
The largest building on the campus is the 2,100 m² School of Environmental Studies office
building which has a comparable floor plate to many commercial office buildings. The 50-
10 life of the campus buildings also makes an interesting example for private enterprise
development often focused on a short term outlook. An analysis of the embodied energy of
office buildings (Treloar, et al., 2001) compared commercial office buildings of varying
heights ranging from 3-52 storeys and demonstrated that the 3 storey building had less
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embodied energy than the other buildings (p. 210) and that the two highest buildings had
60% more embodied energy than the lower rise buildings (p. 209). The assumed higher
operational energy demands of high-rise developments combined with the higher embodied
energy, lead to the conclusion that low rise buildings, designed for a long life are the
preferred form of new commercial office development where land use is justified (p. 212).
Therefore, this thesis has obvious relevance to the planning and design of University and
other educational buildings; however it also has bearing on the design of large commercial
office buildings, particularly campus style developments. The author’s design experience,
in the years preceding the design of the Thurgoona campus, included a 30,000 m² building
project and a study tour of large European office buildings; these are the formative case
studies of this thesis. Not only do the formative case studies place the case study project in
an appropriate historical perspective generally, but also in particular to the author’s
maturity as an architect. Furthermore, large office buildings have been discussed in this
thesis partly because of the significant growth and environmental impact of the
commercial sector and the role it plays in establishing our urban structure; and also
because of the relatively little degree of change apparent in design approach to
commercial architecture. Although this discussion is limited to new buildings, which only
form a small proportion of the existing stock, the outcomes could be applied to the
refurbishment of existing buildings if a more immediate benefit is to be realised. The
complications and implications of the wider context of urban structure are not discussed in
this thesis.
1.3.2 Theory, practice, and policy
Appropriate design of buildings may encompass a variety of objectives including
satisfaction of the needs of building owners and occupiers and socially and
environmentally responsible decision making. It is useful to draw on two examples to
demonstrate just why a new approach to design is needed to meet these objectives. Both
experiences, the ING head office building, formerly the NMB bank, and the proposed, but
unbuilt, Australian Geological Survey Organisation (AGSO) headquarters, are drawn from
the case studies reviewed in this thesis. Firstly, is an examination of the approach adopted
by the designers of ING, and secondly, reflection on the author’s experience in the design
of the AGSO headquarters. Finally, a brief comment is made on policy formulation in the
Australian Government context.
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Theory
Ton Alberts, architect of the ING Bank’s Head Office in Amsterdam which is billed as the
lowest energy consumption building in the world (Holdsworth, 1989) makes the following
comment on the appropriate design approach for office buildings:
An office is really like your third skin. Everyone knows what your real skin is; your clothes are
your second layer of skin, and the third layer is the building in which you work. And if that
third skin doesn’t ‘fit’, people start to feel uncomfortable in it (NMB Bank’s Head Office, nd,
p. 3).
Following this philosophy through, three key requirements emerge. Firstly, the building
should be functional in all respects including allowing the individual to regulate their work
arrangements, lighting, and ventilation. Secondly, the building should be flexible given
that ‘every business organization is a living’ organism ‘that must be able to continually
adapt to a changing environment’. Thirdly, operating costs should be low in terms of
energy, maintenance, cleaning, and security.
In the opinion of the multidisciplinary design team finding the ‘fit’ involves a new
approach:
The design group attributes this remarkable result to the design process, which is marked by a
synthesis of all disciplines. The traditional course of events was abandoned, in which the
architect at a great moment presents a design with the request to various consultants to add their
technical contributions (Alberts and Treffers, 1983, p. 2).
The resulting form of the 50,000m² building is a non-rectilinear collection of connected
towers with sloping facades. The segmented form reflects the functional needs of the bank
for small group workspace with secure access and provides daylighting and views to the
outside for every occupant, solar penetration, and space for trees. The oblique and
reclining walls improve the building's relationship to sun angles, and reduce the impact of
traffic noise and wind.
Practice
Most design of large office buildings relies on using conventional engineering analysis to
predict the physical building performance. The emphasis has been with ensuring that those
predictions fell within statutory performance standards, which is a view too restrictive to
adequately support an environmentally sound approach.
In the case of thermal performance modelling, the common assumption in the development
of design tools for large-scale commercial buildings is that incorporation of mechanical
heating, ventilation and air conditioning is inevitable. This leads to some radically
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different decision making about building form, layout, construction and landscaping, than
if priority is given to a passive approach; for example, the belief that the compact building
form of a cube is energy efficient is based on the assumption that the building will be
artificially air-conditioned. Although the heat loss and gain may be minimised, a cube is
undifferentiated in orientation relative to the availability of solar heat and daylight.
The problems with conventional modelling are illustrated by the experience of the design
team of a new building for the Australian Geological Survey Organisation (AGSO),
Canberra. The proposal for a new 30,000m² office and laboratory building attempted an
environmentally sound approach in all disciplines and sought modelling tools that would
best support this aim.
TEMPER and CHEETAH were used to model thermal performance. Some of the concerns
included the effect of breeze, sensitivity of cooling efficacy to effective area, allowance for
the stack effect of roof ventilators, variable thermal equilibrium throughout the day,
impacts of convective air movement, surface to air heat transfer, inability to account for
profiled slab, and integration with other modelling tools, such as SUPERLITE.
SUPERLITE was used for daylighting and artificial lighting analysis. The problems
encountered included the simulation of complex shading systems, light shelves, profiled
ceilings and reflected light components.
Even more difficult to model directly were the implications of civil and landscape design.
These include tree planting, not only for blocking unwanted sun penetration, but also for
lowering the ground surface temperature, fine spray misting for evaporative cooling to
lower outside air and ground temperature, planting and reduction of paved area to reduce
solar radiation at ground level.
Influencing all these factors is the establishment of acceptable comfort conditions and
assumptions about the behaviour of the building occupants. Conventional design comfort
standards generally do not adequately account for clothing, furnishing insulation value, air
movement, temperature of surfaces, temperature of the surrounds, behaviour and level of
exertion of occupants. Studies indicate that worker satisfaction with the thermal and
lighting conditions, access to outside views, and control over these conditions will improve
their attitudes towards work generally and increase productivity.
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Perhaps the most prohibitive aspect of the use of modelling as a design tool was the
enormous amount of time spent to produce results of a decision-making quality, however
the modelling was useful for comparative analysis. The multi-disciplinary team spent over
three years on the design and justification of the AGSO building. The modelling was
conservative in its assumptions about acceptable comfort conditions and the potential
benefits of largely passive systems of heating and cooling, ventilation and daylighting. The
potential benefits of design features that could not be quantified were not included in the
financial modelling. The results indicated that acceptable thermal performance in
Canberra’s climate can be achieved by high thermal mass and natural ventilation without
reliance on traditional mechanical air conditioning. Circulating low grade hot and cold
water supplied by heat exchange with groundwater, and, if needed, supplemented waste
heat from cogeneration, controlled the temperature of the thermal mass.
Significant energy savings and life cycle cost savings were demonstrated by the project.
The life cycle cost included the use of tools such as TEMPEST and the methodology of the
Department of Finance Handbook of Cost-Benefit Analysis. The modelling difficulties
encountered here included quantification of intangibles, aspects of cumulative resource
use, quantification of energy and carbon dioxide release embodied in the building and
prediction of future fuel prices.
The Department of Administrative Services’ assessment used standard financial cost
benefit techniques for the project and concluded:
In terms of financial costs to the Commonwealth, the construction of purpose built
accommodation for the AGSO is justified and should proceed on financial and technical
grounds (Souter, et al, 1993, p. 29).
A major issue raised by this form of financial analysis is the lack of recognition of
potential external benefits. In this project these included reduced infrastructure costs,
water conservation methods such as reuse of rainwater, retention of all stormwater on site
and grey water reuse, reduced gross and operating energy requirements, use of less
polluting energy sources, use of renewable and non-toxic materials and measures to
minimise waste.
Policy
Urban researcher, Patrick Troy (1993), highlights the lack of government priority given to a
systematic approach to environmental issues of urban development. Recognising the
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Australian Government’s endorsement of ecologically sustainable policy, Troy makes the
following comment:
A remarkable aspect of all this renewed government interest in and concern about the urban
system and the cities within it is that there has been little interest in research into the issues
posed by the crisis (p. 2).
The initiatives at a policy level demonstrate that many of the environmental problems or
buildings have been identified, however there appears to be little attempt to grapple with
specific research to reduce the impact of air and water pollution, energy consumption, and
waste disposal. The confusion at the Commonwealth level as to the support needed to
research relevant issues is highlighted by the omission of any Australian contribution to the
International Energy Agency: Solar Heating and Cooling- Task XI: Passive and Hybrid
Solar Commercial Buildings. The task was structured in 1985 to examine the potential for
the application of passive solar techniques to displace fuel used for heating, cooling and
lighting in commercial buildings. Australia is a signatory of the Implementing Agreement
of the Solar Heating and Cooling Programme.
Conclusion
There is considerable scope for improvement in architectural practice, specialist
knowledge, market practices, development controls and legislation. The experience of the
AGSO team and some of the other case studies reviewed in this thesis illustrates some of
the limitations of our understanding of building physics and environmental analysis.
Further demonstrated is the need for a new approach to building design if we are concerned
that what is built corresponds closely to needs of building owners and occupiers, and is
socially and environmentally responsible.
1.3.3 Contribution of research
The experiences of the ING Bank and the AGSO design teams give some insight into the
stories designers have to tell about dealing with the complexity of environmental issues.
This thesis is a reflective examination of the author’s design experience in a manner
intended to help designers understand and adopt an ecologically sensitive approach to
architectural theory, policy and practice. This thesis records and reflects on the author’s
development of an integrated and holistic design ethic that informs real world architectural
practice. The Thurgoona campus of Charles Sturt University is the central case study. The
author was the site planner and design architect for Charles Sturt University from 1994-
2003 involving design of over forty projects including ten on the Thurgoona campus.
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In terms of the contribution to knowledge made by this thesis it is important to understand
the chronology of events. An earlier project by the author (Australian Geological Survey
Organisation) that did not proceed to construction, was important in that it allowed the
author to pursue detailed investigation of ecological design techniques, modelling and
exploratory analysis (see Figure 1.1). During this project the author had the opportunity to
visit eight large projects in Northern Europe completed between 1983 and 1992 that were
then the state of the art.
FIGURE 1.1 Chronology of case studies: AGSO
YEAR LITERATURE REVIEW INSTITUTIONAL/ AUSTRALIAN
GOVERNMENT ACTION
AGSO
1990 Energy Use in Buildings and
Carbon Dioxide Emissions
(Henderson & Shorrock)
‘Occupant Illness and Equipment
Faults in Airconditioned Buildings’
(Williams & Watts)
Talloires Declaration (Declaration
of the University Presidents'
Conference)
Building Research Establishment's
Environmental Assessment Method
(BREEAM) launched (UK)
Inegrated multi-disciplinary AGSO
Project Team established
1991 Passive and Low Energy
Architecture (eds. Kodama, Smart
&Yannas)
International Energy Agency: Solar
Heating and Cooling- TaskXI.
Passive and Hybrid Solar
Commercial Buildings. (Trollope et
al)
‘Appropriate design decision
making, in technology and design’
(Holland & Holland)
‘Sustainable Suburbia’ (Rodger &
Fay)
Ecologically Sustainable
Development Working Group: Final
Reports (Commonwealth of
Australia)
Funds approved for initial design
work for AGSO purpose-built
accommodation
AGSO project included in
Handbook of Cost-Benefit Analysis
(Commonwealth of Australia)
Study tour of demonstrated passive
low energy buildings
1992 Environmentalism and Political
Theory. Towards an Ecocentric
Approach (Eckersley)
Architecture and Climate Change
(Szokolay)
Rio Declaration on Environment
and Development and Agenda 21
signed by Australia
National Strategy for Ecologically
Sustainable Development
(Commonwealth of Australia)
Budget funding approved for
AGSO project
AGSO project included in
Introduction to Cost-Benefit
Analysis for Program Managers
(Commonwealth of Australia)
Final design for AGSO complete
Project placed on hold
1993 Sense of Australian Urban Policy:
Directions for Research (Troy)
Feminism and the Mastery of
Nature (Plumwood)
How Are We to Live? Ethics in an
Age of Self-interest (Singer)
Environmental Impact Assessment
and Ecologically Sustainable
Development in Australia (ACF and
WWF Discussion Paper)
Declaration of Interdependence
for a Sustainable Future (UIA/AIA
World Congress of Architects)
From the current day vantage point (2006), in which global warming is no longer seriously
disputed, politicians are keen to jump on board the green bandwagon, architects at least pay
lip service to environmental performance, and the number of built examples of ecodesign is
multiplying, it is important not to lose sight of the chronology of the development of
environmental awareness. Figures 1.1 and 1.2 respectively outline the chronology of the
AGSO and the Thurgoona campus projects side by side with the literature which
influenced the author, and key Government and institutional actions.
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FIGURE 1.2 Chronology of case studies: Thurgoona campus
YEAR LITERATURE REVIEW INSTITUTIONAL/ AUSTRALIAN
GOVERNMENT ACTION
THURGOONA CAMPUS
1994 The Reluctant Nation Environment:
Law and Politics in Australia
(Toyne)
‘A Critique of Ecological
Architecture’ (Birkeland)
RAIA Environment Policy issued
by Australian architects
Energy Guidelines (Building
Owners and Managers Association,
Australia)
Stage 1 site purchase
Site planning incorporating
ecodesign principles (May)
Approval of site plan and ecodesign
principles (Sep)
1995 Eco-interiors – A Guide to
Environmentally Conscious Interior
Design (Pilatowicz)
‘Difficult Decisions about Ordinary
Things: Being Ecologically
Responsible about Timber Framing’
(Holland & Holland)
‘Environmental Management: An
Ethical Dilemma’ (Lawrence &
Raar)
Renovation of existing building
Stormwater management system
Study of historic farmhouse
Archaeological and historical study
1996 Building Materials, Energy and the
Environment (Lawson)
The Ecology of Architecture. A
Complete Guide to Creating the
Environmentally Conscious Building
(Zeiher)
Solar Energy in Architecture and
Urban Planning (Herzog)
The Architect Reconstructing Her
Practice (ed.Hughes)
The Rammed Earth House (Easton)
Australia: State of the Environment
1996- first independent nation-wide
assessment of the status of
Australia's environment
Charter for Solar Energy in
Architecture and Urban Planning
issued by European Architects
Hannover Principles (William
McDonough Architects)
Student Pavillion (Jan)
Flora and fauna study
Stage one infrastructure (ongoing)
Endemic landscaping (ongoing)
1997 Green Building Handbook (Woolley
et al)
Green or Gone. Health, Ecology,
Plagues, Greed and our Future
(Shearman & Sauer-Thompson)
Austraila fails to ratify the Kyoto
Protocol (Kyoto Climate Change
Summit) to this day
1998 Climate Considerations in Building
and Urban Design (Givoni)
Timber in Context: A Guide To
Sustainable Use (Willis & Tonkin)
Green Buildings Pay (Edwards)
Architecture and the Environment.
Bioclimatic Building Design (1998)
World Green Building Council
formed
Leadership in Energy and
Environmental Design (LEED) for
New Construction launched (USA)
School of Environmental and
Information Sciences (SEIS)
Murray Valley Regional Herbarium
Specialist Teaching Building
Composting toilets (ongoing)
Phytogeograpic Arboretum
(Japanese section)
Rectification of stormwater system
(ongoing to 2002)
1999 Global Ethics & Environment (ed.
Low)
New Design Philosophy: An
Introduction to Defuturing (Fry)
Sustainable Architecture: European
Directives & Building Design
(Edwards)
‘Embodied Energy Analysis of
Fixtures, Fittings and Furniture in
Office Buildings’ (Treloar et al)
Environment Protection and
biodiversity Conservation Act 1999
requires Government agencies to
report on their environmental
impact
Australian Commercial Building
Sector Greenhouse Gas Emissions
1990 – 2010 (AGO)
Grey water treatment wetlands
Additional SEIS offices
CD Blake Lecture Theatre Complex
Information Technology Hub
Rivercare 2000 Gold Award
(campus)
Water and Waste Management
Association Best Practice Award for
Water Cycle Management
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2000 The HO+K Guidebook to
Sustainable Design (Mendler &
Odell)
Daylighting for Sustainable Design
(Guzowski)
Green Building Handbook Volume
2: A Guide to Building Products
and Their Impact on the
Environment (Woolley & Kimmins)
The New Autonomous House (Vale
& Vale)
Ecology, Community and Delight
(Thompson)
Sustainable Architecture in Japan.
The Green Buildings of Nekken
Sekkei (ed. Ray-Jones)
‘Dealing with Misconceptions on the
Concept of Sustainability’ (Filho)
‘Materials and Sustainability, the
Limitations on Present Methods of
Selection’ (Sturges & Lowe)
‘Analysing the Life-Cycle Energy of
an Australian Residential Building
and Its Householders’ (Treloar, et
al)
Natural Advantage: A Blueprint for a
Sustainable Australia launched
(ACF)
LEED certification for first pilot
projects
4 Eight bedroom cottages
MBA National Energy Efficiency
Award (campus)
MBA National Resource Efficiency
Award (campus)
RAIA (NSW) Blackett
Commendation (SEIS)
Rivercare 2000 Award of
Excellence (campus)
Metal Building Merit Award (CD
Blake Lecture Theatre)
2001 Green Architecture (ed. Edwards)
Ideas for the New Millennium
(Ellyard)
The Ecology of Building Materials
(Berge)
‘An Analysis of the Embodied
Energy of Office Buildings by
Height’ (Treloar, et al)
‘Building Materials Selection:
Greenhouse Strategies for Built
Facilities’ (Treloar, et al)
Australia: State of the Environment
Report 2001
Projects as Wealth Creators
(Barda & Crow) -Property Council of
Australia recognition of Thurgoona
campus project
Environmental Management Plan
International Design Resource
Award (campus)
RAIA (NSW) ESD Commendation
(CD Blake Lecture Theatre)
2002 A Guide to the Selection of
Environmentally Responsible
Alternatives (Curwell, et al, 2002)
Hazardous Building Materials. A
Guide to the Selection of
Environmentally Responsible
Alternatives (Curwell, Greenberg &
March)
Ecocities: Building Cities in Balance
with Nature (Register)
Rio Plus 10 held in Johannesburg
Green Building Council formed
(Australia)
2 Eight bedroom cottages
Student Association Building
The literature review cites some of the earliest warnings of environmental concern in the
1960’s (Carson, 1962; Bookchin, 1962) and the seminal architectural writings of the
decade in terms of addressing an environmentally responsive design approach (Olgyay,
1963; McHarg, 1969).
It was not until the end of 1992, the same year as Agenda 21, first worldwide program of
action for sustainable development, and mid-way through the AGSO project, that Australia
adopted the National Strategy for Ecologically Sustainable Development which is still in
place and unchanged at the end of 2006. The State of the Environment Report was released
in 1996, the first independent nation-wide assessment of the status of Australia's
environment, three years after site planning of the Thurgoona campus commenced. The
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Thurgoona campus was reported on in the following State of the Environment Report
(2001) in reference to the way cities must alter the technologies and management processes
for delivery of water services:
The increasing acceptance of these approaches can be seen in the stormwater and
wastewater reuse schemes outlined earlier, and the water management system of Charles Sturt
University’s Thurgoona campus (p. 124).
The AGSO project embodies many principles and techniques employed for the first time in
Australia, particularly in the design of a major office building. To provide an historical
context for viewing AGSO and Thurgoona case studies, the RAIA awards programme
gives an indication of the comparative work of the day (see Figure 1.3). The RAIA
National Ecologically Sustainable Development & Energy Efficiency Design Award did
not even originate until 1999, a decade after the commencement of the AGSO project and
five years after the commencement of the Thurgoona campus. This reflects the architectural
profession’s awareness of environmental issues and prioritisation of ecodesign particularly
given that sustainability was likewise not reflected in the criteria for the other award
categories.
FIGURE 1.3 Chronology of RAIA Awards
YEAR RAIA AWARDS*
1996 RAIA Environmental Award (NSW) Solarch Energy Research Centre
RAIA Environment Award (SA) Australian Arid Lands Botanic Garden
1997 RAIA Environment Award (NSW) Four Horizons house
RAIA Energy/Environment Award (SA) Nigel Levings house and St Brigid’s Catholic Primary School
RAIA Energy Efficiency Award (VIC) Hoddle Street Residence
1998 RAIA Environment Award (NSW) Faculty of Nursing building (UN)
RAIA Energy/Environment Award (SA) Zoological Park Visitor Centre
RAIA ESD Award (QLD) Faculty of Science, USC
Energy Conservation Award (WA) Solar House
1999 RAIA Environment Award (NSW) Munro and Grace Pavilions and Solar Home
RAIA ESD Award (QLD) Arts Facility, USC
RAIA ESD Award and Energy Efficient Design Award (VIC) Ironbark Centre
RAIA ESD & EED Award (National) Munro and Grace Pavilions
2000 RAIA Environment Award (NSW) Olympic Lighting Towers
RAIA ESD Award and EED Award (VIC) Inverleigh Primary School
RAIA Energy/Environment Award (SA) Prairie Hotel
RAIA Environment: Award (NT) Childcare Centre
RAIA ESD & EED Award (National) Institute of Languages (UNSW)
2001 RAIA ESD/EED(NSW) House for Pam and Velodrome
RAIA Harry Marks Award (QLD) Redcliffe City Library and Gallery
RAIA Energy/ Environment Award (SA) Parson Heads Toilets and Port Adelaide Residence
RAIA Sustainable Architecture Award (ACT) Ian Ross Building
RAIA Sustainable Architecture Award (National) Velodrome
38
2002 RAIA ESD/EED (NSW) Interactive Learning Centre (CSU) and Woollahra Council Chambers
RAIA Harry Marks Award (QLD) Barracks Accommodation
RAIA ESD/EED Award (VIC) Building A, UMelb
RAIA Energy/ Environment Award (SA) Playford Primary School
RAIA Environment: Award (NT) Centre for Remote Health
RAIA Environmental Design Award (TAS) Andrew and Jen’s House
Energy Conservation Award (WA) Dawesville Residence
RAIA Sustainable Architecture Award (National) Rozak House
2003 RAIA ESD/EED Award (NSW) Victoria Park, Narra Bukulla and Victoria Barracks
RAIA ESD/EED Award (VIC) Monash Science Centre
RAIA Environmental Design Award (TAS) and RAIA Sustainable Architecture Award (National) Forest
EcoCentre
Energy Conservation Award (WA) Beach House
2004 RAIA ESD/EED Award (NSW) Kogarah Town Square
RAIA Harry Marks Award (QLD) Lark Quarry Visitor Centre
RAIA ESD/EED Award (VIC) SES Headquarters
RAIA Sustainable Architecture Award (ACT) Refurbishment of the Communication Centre, AGO
RAIA Environmental Design Award (TAS) University Union Bar
RAIA Sustainable Architecture Award (National) Mawson Lakes School
2005 RAIA ESD/EED Award (NSW) The Bond and Deepwater Woolshed
Sustainable Architecture Award (VIC) Gisborne Retail Centre and Science Technology Innovations Centre
RAIA Sustainable Architecture Award (National) Science Technology Innovations Centre
2006 RAIA ESD/EED Award (NSW) 23-25 Egan Street and RAAF Squadron Headquarters
RAIA Sustainable Architecture Award (ACT) 8 Brindabella Circuit
In 2006 the national jury did not make an award in the Ecologically Sustainable
Development category. In the words of Bob Nation, Jury Chair:
The jury was of the opinion that no project in this category embodied an integration of leading-
edge sustainable design with exemplary architectural design (RAIA National Architecture
Awards: Jury citations, 2006).
Nation went on to bring to an end to the national ESD award after only eight years
duration:
Of particular interest to this jury is the ESD award, and the notion that it should be a stand-
alone award. The jury concurs with the Awards task force that all projects should address the
broad range of issues of sustainability as fundamental considerations and commitments in the
development of the design. Projects in all categories should demonstrate how architecture can
intelligently integrate sustainable initiatives as is essential for our future. ESD is a component
of exemplary architectural design and should therefore disappear as an individual category in
ensuing years’ awards (RAIA National Architecture Awards: Jury citations, 2006).
This decision appears somewhat contradictory in that, on one hand, there were no projects
considered competent enough to receive the national award, yet a stand alone category, that
may serve to significantly influence trends in architectural design, is no longer considered
relevant. It would be a bold and positive step if in enacting this change, future juries
critically apply the ESD criteria to all awards:
1. Appropriate site planning in regard to the opportunities and constraints of the
natural and built environment;
2. Operational energy to be reduced throughout all seasons compared to similar
buildings;
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3. Materials and processes selection in consideration of environmental impacts;
4. On-site resources harvested, used, re-used or recycled during the life of the
building;
5. Users’ understanding and integration with the natural and social environments
enhanced. (RAIA Ecologically Sustainable Design Award Checklist and the Energy
Award Checklist, 2006)
However, it is unconvincing when the past awards are analysed. None of the national ESD
award winners have been commercial projects; they have all been either institutional or
residential projects. Likewise, the majority of the state award winners are institutional or
residential projects, with few exceptions. Clearly government institutions, particularly
universities and individual home owners are at the forefront of demonstrating ecologically
responsive architecture. Two notable examples from the university sector are the
University of the Sunshine Coast (USC), opened in 1996, one year following the
Thurgoona campus, and Newcastle University (UN).
USC, located adjacent to an ecologically sensitive national park, developed its site to
minimise impact on the National Park, and has built a distinctive campus responsive to the
sub-tropical climate. The direction USC took was the vision of the founding Vice-
Chancellor supported by various consultant planners and architects. Also in parallel to the
development of the Thurgoona campus, Phillip Pollard, Director Facilities Planning and
Strategy, University of Newcastle, from 1990 to 2005 was pursuing a similar agenda. His
approach used consultant architects to develop a succession of new buildings and adaptive
re-uses of existing buildings based on passive and low energy principles. The rehabilitation
of the campus site, a large (140Ha) remnant eucalypt forest, was largely undertaken in-
house and involved some highly innovative catchment management systems and
landscaping. Energy and water use were closely monitored and usage levels reduced.
An indicator of the Australian property sector’s acceptance of the need to address
environmental issues is the slow take up of environmental performance tools. The Green
Building Council of Australia (GBCA) was created in 2002, with the aim of promoting
sustainable building performance. GBCA’s environmental rating system, Green Star, was
based on BREEAM (Building Research Establishment Environmental Assessment
Method) from the United Kingdom and LEED (Leadership in Energy and Environmental
Design) from the United States of America. Australia's First Green Star office design
project was Brindabella Park in the ACT in September 2004, fourteen years after
BREEAM was launched. As of November, 2006, twenty-one projects have received a
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Green Star rating from the Green Building Council of Australia (http://www.gbcaus.org,
2006).
NABERS (the National Australian Built Environment Rating System) was developed by
the Department of Environment and Heritage that uses measured operational impacts on
the environment to determine a performance-based rating for existing buildings. Since its
launch in 2004, over one hundred office buildings have been rated, although only one has
received a five star rating and that was at the end of 2006 (http://www.nabers.com.au,
2006).
By increasing the visibility of green buildings in the marketplace, potential purchasers and
tenants will start to demand environmental credentials, design teams will improve their
experience and knowledge of environmental aspects of sustainability, and building
managers start to monitor and report on the performance.
The author’s reflective analysis of the design and construction of the Thurgoona campus
elucidates the application of environmental principles to a major public building program
spanning ten years; a considerable design accomplishment by a single architect. Time has
moved on in the sustainability debate, and many issues hard fought for in this account are
now more accepted. The enduring significance of this project is therefore not in the
particular design strategies developed and argued for by the author, nor in the many
technical innovations, nor in the professional skill needed to incorporate them. The
enduring significance of this study is what it reveals about the application of a design ethic
in times of a global ecological crisis. To that end this study, encompassing more than
fifteen years of practice, has wide-ranging implications beyond the actual project
experience. The resulting record therefore conveys the knowledge of a unique design
experience to future generations.
The significant presence of architecture that philosopher Roger Scruton (1979) highlights
in the following argument strengthens the pressure for designers to change their approach:
Architecture is public; it imposes itself whatever our desires and whatever our self image.
Moreover it takes up space: either it crushes out of existence what has gone before, or else it
attempts to blend and harmonize (p. 15).
Scruton presents a theory of architecture as ‘problem-solving’ that reinforces the need for a
thoughtful design approach:
Like all decorative arts, architecture derives its nature not from some activity of representation
or dramatic gesture, but from an everyday preoccupation with getting things right, a
preoccupation that has little to do with the artistic intentions of romantic theory (p. 259).
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Alberts also recognises the need for a rational approach in the following comment on the
originality of the aesthetics of the ING building design and the financial constraints: ‘At the
same time, design is rational, and based on prefabrication and highly industrialized
concepts’ (NMB Bank’s Head Office, nd).
Architectural expression of a new environmental rationale may well inspire a new
aesthetic, or a re-interpretation of the vernacular tradition, or seemingly present little
change to the look of buildings. A balance between functional, organisational and
technical requirements, and individual needs may lead to a built form of recognisable
human scale, a place that people may be happier to work in and even more productive.
Recognition of variable cultural and economic influences may lead to buildings capable of
continual adaptation in terms of physical planning and environmental performance, or with
a deliberately long life. The architectural interpretation of environmental principles may
establish an expression based on a response to climate. From responsible resource
management, a more pleasing synthesis between architecture and construction and
architecture and land use may emerge. The role architecture plays in shaping our thinking
about the environment may also be important if, as Scruton (1979) suggests ‘architecture
becomes new by creating new expectations...’ (p. 15).
1.3.4 Conclusion
The anticipated research outcomes of this thesis relate to thinking about the practice of
architecture in a reflective manner which will enhance the understanding of ecological
concerns in building design and help architects develop more rigorous and environmentally
determined design practice.
Appropriate responses to contemporary environmental problems of building design have
been discussed in the earlier sections of this chapter which canvassed the Australian
government perspective, environmental ethics, the environmental responsibility of
architects, and the contribution of buildings to environmental problems. As a matter of
ethics and moral responsibility not only as caring individuals and members of society, but
as called upon by the architectural profession, designers are accountable for making
ecologically responsible decisions.
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1.4 Methodology: Overview
1.4.1 A reflective action grounded research methodology
It was difficult to find an existing methodology suited to the exploration of the design
process in practice and the formulation of a design strategy. Quantitative and qualitative
methods were reviewed, and will be discussed in detail in the next chapter, but given the
real world setting of the case studies, with the author as a ‘participant observer’, the nature
of architecture as a creative expression, and the inherent assumption of values in the design
process, a reflective interpretation of an action grounded research methodology was
developed.
The proposed approach is loosely modelled on the social research techniques of action
theory and grounded theory, but is centred on a reflective approach. The use of case study
analysis selected from the author’s experience adds a narrative edge to the methodology
and facilitates discussion of the process of design related to real constraints, practical,
political, social, and economic. The narrative begins with the description of some of the
author’s formative design experiences. The detailed analysis of the author’s design of the
Thurgoona campus from 1994-2000 extends the theory of architectural practice through a
case study analysis of some of the author’s recent work. Although the individual buildings
of the Thurgoona campus are relatively small, if the campus is considered as a whole, it fits
the category of ‘large’ buildings. As the author in this case provides the ethical base for the
project, and is the design and project architect, it is difficult to describe the role as simply a
‘participant observer’. The description and classification data, sourced from literature
reviews and case studies, establishes a broad context for examining the factors important to
the author’s design considerations.
In developing a suitable methodology for this thesis, the author has borrowed from the
schools of action and grounded research. The proposed methodology is a reflective
approach that does not attempt to prove a set of beliefs about reality, but to create
perceptions helpful to architectural problem-solving for an ever-evolving reality.
In terms of assessing the success of this methodology, Peter Reason’s (1988) comments
may provide insight into the challenge:
Finally, what is important is that human inquiry is a process of human experience and of human
judgement. There are no procedures that will guarantee valid knowing, or accuracy, or truth.
There are simply human beings in a certain place and time, working away more or less
honestly, more or less systematically, more or less collaboratively, more or less self-awarely to
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seize the opportunities of their lives, solve the problems which beset them, and to understand
the things that intrigue them. It is on that basis that they should be judged (p. 231).
1.5 Conclusion: Foundation of thesis
The totality of the Thurgoona campus project coupled with the unique position of the
author as the principal designer over a ten year period makes it a worthy case study for
analysis. The opportunity for the author to reflect on the design philosophy and ethics of
her design process is a significant rarity.
During the course of this thesis, understandings about design practice may emerge that,
sensitively and sensibly taken on, may be applied to the development of ecologically
friendly building design. This thesis does not prescribe an approach; it is a matter of
learning from experience, of others and oneself, and of applying that knowledge in a
flexible manner to suit the varying conditions and limitations encountered in real projects.
There are some practical limits to the design experience that may impact on the level of
resolution of environmental considerations. These are questions only of operational and
informational resources and are not absolute constraints on the approach. What is the cut-
off point where the benefit to design, and subsequent construction and use of that design, is
unimportant compared to the design effort? The attempt to draw useful insights from a real
life situation will be less than totally successful, and will of course leave some problems
unaddressed, where knowledge is insufficient. Thus, it is important to emphasise the need
for new research and experimentation into the ecological issues of building design.
Without such ongoing research and development, this thesis will have limited validity and
risk inappropriate application of ideas.
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Chapter Two: Methodology in action.
Given that this thesis is based on the examination of real built examples, Chapter Two is
not simply a definition of the proposed research methodology, but extends to the
establishment of a theoretical and practical background to the case study project, the
Thurgoona campus.
Following consideration of quantitative and qualitative methodologies, the author is set up
as a ‘participant observer’ within the framework of a reflective interpretation of an action
grounded research methodology.
Formative case studies important to the maturation of the author’s architectural approach
are explored to place the case study project in an appropriate context that relates to a
historical perspective generally, as well as particularly to the development of the author’s
practice.
The chapter concludes with the establishment of a conceptual framework for the
description of data, and the elaboration of the research issue based on a personal step-by-
step narrative of the design and realisation of a series of successive projects by the author.
2.1 Methodology: Development of a story telling approach
In selecting a particular research methodology, Gareth Morgan (1983) of York University
points out:
A view of research as engagement stresses that research is not just a question of methodology,
for method is but a part of a wider process that constitutes and renders a subject amenable to
study in a distinctive way. The selection of method implies some view of the situation being
studied, for any decision on how to study a phenomenon carries with it certain assumptions, or
explicit answers to the question, “What is being studied?” (p. 19).
The selection of a methodology suited to its supposed uses involves the formation of
certain assumptions about what is being studied and an understanding of the link between
these assumptions and the research process. Therefore, it is important to explain the
rationale as to why the research should be conducted in a particular way and suggest how
the research can be implemented in practice.
The selection of case studies for this thesis, namely projects the author had the opportunity
to visit and projects that the author herself designed, establishes an intimate connection
between author’s personal experience and the data collected. The author traces elements of
her architectural experience, and connects dominant values within that experience to the
various case studies she has conducted over the last decade. The author reflects back on the
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design process based on experience rather than a theoretical construction. The author
argues that architectural change can only occur when designers attain a level of ethical
responsibility, and better understand their relationship to the process of design.
Why is architectural theory often devoid of personal narrative? What relationship has
architectural theory to the everyday practice of architecture? Rather than theorise over what
is wrong in architecture today, or deconstruct the discipline, this thesis calls for an
immediate personal interpretation and further critical analysis of the author’s specific role
in the field of critical theory as a participant in the design process. A methodology that
responds to the generation of theory grounded in the realities of architectural practice is
called for.
2.1.1 Quantitative or qualitative
In theory, one may suppose it may be possible, and even opportune, to reduce any data to a
form that may be operationalised in a quantitative study. But is this approach relevant,
does it fit with what is being studied? Taylor and Bogdan (1984) identify the distinction
between quantitative and qualitative research methodologies broadly as positivist and
phenomenological. The positivist approach is to present social phenomena as non-
subjective facts or causes so that they can be tested in a fashion that will constitute proof of
a given proposition. The phenomenological approach attempts an understanding of the
social phenomena from the participant’s perspective.
The difficulty in obtaining quantified data on the performance of buildings, and the further
issue of the reliability of the available data are reasons for pursuing a qualitative, rather
than a quantitative approach. But the overwhelming reason is to do with incompatibility of
applying either quantification or simply a matter of taste to an understanding of
architecture. The complex and phenomenological nature of attitudes to buildings is
apparent in Scruton’s (1979) comments on the judgement of architecture:
Inwardly, we affirm our preference as valid, and if we did not do so, it is hard to see how we
might be seriously guided by it, how we might rely on it to fill in the gaps left by the functional
reflections in the operation of practical knowledge. Our preference means something more to
us than mere pleasure or satisfaction. It is an outcome of thought and education; it is expressive
of moral religious and political feelings, of an entire Weltanschauung, with which our identity
is mingled (p. 105).
Scruton identifies some key distinguishing features of architecture, namely functionality,
locational context, public nature, and the vernacular quality. It is against these features that
the form and meaning of architecture may begin to be defined and critiqued.
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This elusive yet pervasive, personal yet fundamental essence of architectural identity
appears also in Ludwig Wittgenstein’s following words (according to Wijdeveld, 1994):
Architecture is a gesture. Not every functional movement of the human body is a gesture. No
more is every functional building architecture (p. 176).
The twofold proposition of this thesis appears to be, much like the expressive nature of
architecture described by Scruton and Wittgenstein, multidimensional, qualitative rather
than quantitative, founded in real world settings rather than controlled laboratories.
Furthermore, the author’s experience of designing the Thurgoona campus and the AGSO
buildings, and related events such as visiting the European projects, is roughly equivalent
to the sociologist’s fieldwork. It is the material that is used to describe the strategies
employed, and implied, in the design of a series of environmentally sensitive buildings, and
neither activity is quantitative. Of course, the opportunity exists, and is being followed up,
for quantitative research on the Thurgoona campus.
Discussing appropriate methodologies for qualitative inquiries, social researchers Peter
Reason and Peter Hawkins (1988) describe the importance of the interrelationship of the
medium and the meaning:
Creative expression is often relegated to the production of the beautiful or the entertaining. We
see it also as a mode of inquiry, a form of meaning making, and a way of knowing. So what is
needed is a methodology of meaning-making as part of human inquiry (pp 81, 82).
What sort of methodology will be meaning making to architecture? John Capelli, Paul
Naprstek and Bruce Prescott (1990) explain the discipline of architecture as a medium of
action in culture:
While architecture depends on technical and aesthetic knowledge in order to take form, facts
alone cannot make it useful, beauty alone cannot give it meaning. Because architecture aims to
be understood and used by its society, it cannot be autonomous and still maintain its relevance.
Architecture, in this sense, can never be value-free (p. 164).
So another element of the appropriate methodology may involve the recognition of
architecture as an expressive action, which is experienced by others, and therefore a public
act with inherent values and responsibilities.
In summary, this thesis seeks a methodology that can embody the complexity of
environmental concerns and building design, a sensitivity to connectedness of the issues,
an ethical responsibility, acceptance of subjectivity and the necessity of flexibility for
adaptation to change.
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2.1.2 Defining the methodology
There are many definitions of research, but as a simple summary, Francis C. Dane (1990)
offers the following interpretation:
Research is a critical process for asking and attempting to answer questions about the
world.... As critical questioners, we need not believe every answer we obtain. For that matter,
research enables us to ascertain whether or not we’ve even asked the appropriate questions (p.
4).
Dane identifies the general categories of research as exploratory, descriptive, predictive,
explanatory and action and defines them as follows:
Exploratory research involves an attempt to determine whether or not a phenomenon exists...
Descriptive research involves examining a phenomenon to more fully define it or to
differentiate it from other phenomena...
Prediction - identifying relationships that enable us to speculate about one thing by knowing
about some other thing...
Explanatory research involves examining a cause-effect relationship between two or more
phenomenon...
Action research refers to research conducted to solve a social problem (Lewin, 1946). Action
research can involve any of the previously mentioned goals, but adds to such goals the
requirement of finding a solution, of doing something (pp. 5-7).
Having established that a qualitative approach is appropriate for this thesis, Dane’s
definitions are a useful starting point in seeking to hone the application of more specific
methodologies.
The question surrounding the contribution of buildings to environmental problems is
discussed in Section 1.1.4 and lends itself to the use of exploratory research based on the
review of literature. A descriptive approach also employing the review of literature and
case studies may be most effective to expand on this question to try to establish the extent
of the problem and the key areas of concern.
The proposition that if we are to address these problems then designers must change their
approach, may be explored by evaluating built examples to assess the success of current
design processes to respond in an environmentally responsible manner. To be useful in
identifying new connections that a more environmentally sound approach may need to
address, this assessment would need to involve an explanatory aspect to draw out the
shortcomings of current design processes.
An action research methodology
Gerald I. Susman, of Pennsylvania University, presents a pragmatic view of research.
Susman believes that knowledge cannot be separated from its setting and that starting with
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problematic situations which increase the validity of inquiry will likewise increase the
probability that research will be useful in its application. Susman defines a problematic
situation as follows:
A problematic situation occurs when (1) the system’s outputs are no longer being produced at
acceptable standards and/or the system’s means for producing them are no longer satisfying to
members, and (2) the system members do not know what actions to take to make the outputs
and/or means acceptable or satisfying again (p. 102).
The problematic situation may be further defined by an explanatory approach to the
comparison of successes, oversights, and failures of different design solutions. Some clues
as to the importance of defining the problem can be drawn from the experience of the
architect, Denise Scott Brown (1990):
Defining architectural problems as broadly as we would urban problems will lead, we hope, to
buildings that complexly serve and express their uses, their communities, and the aspirations of
their times.
Inherent in this analysis is the need to establish an ethical standpoint for the scrutiny of the
environmental soundness of design solutions.
Descriptive research based on literature review and case studies is appropriate to the
formulation of what are personal and political assumptions necessary in developing an
environmental ethic useful to design decision making. The anticipated implications for
how architecture is practiced centre on the need for the application of environmentally
sound values in the practice of architecture.
The proposed research methodology may be predictive only in an obscure way that the
expected outcome is to describe a progressive design experience, using data derived from
the exploratory, descriptive and explanatory methods, which may help to understand the
complexities and inter-relatedness of building design and environmental conditions.
Prediction is not really relevant, as the proposed research will leave open a range of
possibilities. All the factors that would allow prediction cannot be known, permitting only
a considered judgement rather than a uniquely determined outcome.
It is the exploration of a design process involving a new environmental ethic that really has
the potential to move this thesis into the arena of action research. Research scientist N.
Maxwell’s (1984) description of an approach to scientific inquiry may be particularly apt.
It is concerned primarily with the promotion of human welfare and secondarily with the
problems of knowledge and technology in articulating the basic problems that need to be
solved, and in proposing and critically assessing possible solutions.
The basic aim of inquiry, let it be remembered, is to help promote human welfare, help people
realize what is of value to them in life... But in order to realize what is of value to us in life, the
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primary problems we need to solve are problems of action - personal and social problems of
action as encountered in life (pp. 47-8).
This thesis falls clearly in the category of action research as it addresses a means to alter
people’s behaviour through an investigation of what goes on during a design process
guided by an ethical framework, and how this impacts on the built result. The aim of this
inquiry is to become a valuable knowledge base of and for building designers in resolving
environmental issues.
A grounded research methodology
The implication of this discussion of methodology is that what is needed is a research
methodology that can deal with multifaceted questions, dissect the problems and examine
them from as many perspectives as possible. It is not a matter of collecting evidence and
checking out whether that evidence is factual, but one of collecting a pattern of concepts
and generating abstract views of this experience that may be useful in developing strategies
to deal with particular problems.
The methodology needs to be an adaptable process to take into consideration the sensitivity
of the data to new inputs, increases in understanding of environmental interaction and
shifts in community and individual values. Seemingly diverse categories need to be
compared, and it is anticipated that patterns of integration will emerge from a process of
accumulative and comparative analysis of data.
The basis for this approach is in the work of Barney G. Glaser and Anselm L. Strauss
(1967) on grounded theory.
In discovering theory, one generates conceptual categories or their properties from evidence;
then the evidence from which the category emerged is used to illustrate the concept. The
evidence may not be accurate beyond a doubt (nor is it even in studies concerned only with
accuracy), but the concept is undoubtedly a relevant theoretical abstraction about what is going
on in the area studied (p. 23).
A grounded research methodology is proposed that uses the structure and integration of
descriptive data to formulate an interpretation of the project case study to provide an
insightful and informed exemplar of an ethically motivated design process.
An action grounded research methodology of descriptive data
The network of assumptions and practices of this thesis reflects a logic of research that is
founded on establishment of certain principles and values in order to tell the story of an
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environmentally sensitive design experience. Therefore, it is important to explain how
these principles and values may be established and theory generated.
The interpretation of design experience can take many forms and with diverse results. This
thesis uses the author’s experience of design, namely the AGSO and Thurgoona Campus
projects, and her experience by exposure to others’ design works, with particular reference
to a limited number of European case studies. Often the study of design is based on the
interpretation of built works. Although important, this is only a fragment of the design
process. The objective here is to look at the acquisition of design experience.
The exposure to built works of others and the active engagement in design combine to form
a data set. Once data has been collected in the categories described broadly within certain
principles and values, then the differences and similarities between and within the data
categories may be examined and the information integrated. The attempt to understand
these differences may lead to the identification of new differences and omissions in the
data, changes in the scope of the research, and ultimately to the generation of theory. As
Glaser and Strauss (1967) explain:
In the beginning, one’s hypotheses may seem unrelated, but as categories and properties
emerge, develop in abstraction, and become related, their accumulating interrelations form an
integrated central theoretical framework- the core of the emerging theory (p. 40).
The proposed approach is loosely modelled on the social research techniques of action
theory developed by Susman and the grounded theory developed by Glaser and Strauss.
The methodology used in this thesis is to depict the experience of design through narration,
and subsequently explore a way of representing the integration of this experience.
A reflective interpretation of an action grounded research methodology
Participant observation is no less useful than other more ‘scientific’ methodologies
(Jorgensen, 1989). It may be thought as a humanistic methodology (Jorgensen, 1989) that
is, interpretative rather than merely qualitative (Erikson, 1986). Gareth Morgan (1983)
emphasises the importance of reflective exploration or reflective conversation as the basis
of a research process that supports social change.
Jorgensen (1989) identifies a number of conditions that determine the appropriateness of
the methodology of participant observation:
- the research problem is concerned with human meanings and interactions viewed from the
insiders’ perspective;
- the phenomenon of investigation is observable within an everyday life situation or setting;
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- the researcher is able to gain access to an appropriate setting;
- the phenomenon is sufficiently limited in size and location to be studied as a case;
- the study questions are appropriate for case study; and
- the research problem can be addressed by qualitative data gathered by direct observation
and other means pertinent to the field setting (p. 13).
A reflective approach is, therefore, particularly suited to the research problems of this
thesis given its focus on the ethics of environmental action, the implications for the
practice of architecture, and the unique position of the researcher as a practicing architect at
the forefront of environmental design.
Given the qualitative paradigm embraced by the author of this thesis and the active
grounded research approach that is adopted for the case studies, one thing is certain. This
research would not have been possible without the intrusion of the author’s own
interpretations, history, and green ethics. Therefore, the Introduction to this thesis is
devoted to a story about the author’s work history generally, and the latter part of this of
this chapter details the formative four year period spent on the AGSO project in order to set
a context for how this history may have affected the understandings reached in this thesis.
Finally, the methodology that emerges draws on action and grounded theory, but is
reflective at the core.
2.1.3 A reflective action grounded narrative research methodology
In the preceding part of this chapter, the rationale behind the methodology was presented
and explained in detail. In this section, the methodology developed to accomplish the
specific objectives of this thesis will be examined. The structure of the thesis in relation to
the proposed methodology and the specific techniques that are used in the methodology is
elucidated.
There are some subtle differences between what this thesis does and the usual kind of
action or grounded research, which are helpful to clarify and spell out. For example, the
actions, and what lies behind them, that this thesis studies, are largely those of the author,
and part of a process that the author has shaped or created. Whereas, someone doing action
or grounded research, on say, the social loss of dying patients (Glaser & Strauss, 1967), has
an object of study that exists independently of them and which they may or may not want
to change or develop, etc. Reflection on action is at the heart of the research, in both cases
of course, but the differences are worth describing and acknowledging.
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Reflective research does not involve the pre-selection of phenomena to study and
assumptions about theoretically relevant data to collect; it is very much experiential. This
thesis does not set out to ‘design’, ‘conduct’ and ‘analyse’ a case study. Therefore, the
research is not selective, as the author is not able to bring out the details from the viewpoint
of the participants using multiple sources of data to maximise what can be learned in the
period of time available for the study. In this sense the problem is one of establishing
meaning from a situation, rather than a location.
The design experience is one of continually changing situations that structure the process
of designing. Bryan Lawson (1990), architect and academic argues that designers must be
extraordinarily perceptive and insightful to deal with difficulties such as the conflicting and
shifting demands of clients, inaccessibility of users, difficult technical problems,
insensitive planning authorities, changing circumstances during the design or building
process and restrictive financing mechanisms.
This thesis looks at design problems from the point of view of a designer in the design
situation, and abstracts that experience to create a more generalised view of the design
process. By concentrating on a set of particular design situations faced by the author, some
understandings about the nature of design problems are reached.
Christopher Alexander (1964), mathematician and design theorist, attempts to eliminate
values and personal bias from the design process in searching for universality. He goes on
to map patterns of events in places to explore the human dimensions and quality of built
space (1979) as if a grid coordinate approach to design is neutral or a value free way of
determining space. Karl Popper (1934), philosopher, put out the clear message that it is
necessary to avoid a systems approach that totalises everything, however he relies heavily
on tradition as the critical means to structure society (1962).
Ecological sustainability requires cultural stability and the potential for change (Rodger and
Fay, 1991) which suggests that the adoption of green ethics and values by the architectural
and design professions is essential to the promotion of ecologically sensitive development.
In examining the values at play in defining the architecture, Lawson (2001) views space as
holding, dividing, ordering, facilitating, enhancing and celebrating, and behaviour in space
is like a language, speaking the desires, passions and fantasies of the place.
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Thus architecture emerges as an inconsistent and highly variable state that entails a way of
problem solving that is embedded within the very act of designing (Schön, 1985) that
relates to the dynamic form of a built place. Architectural problem solving needs to be
based on more than a defined set of constraints, as Lawson (1990) argues that the process is
beyond problem solving; it involves finding the problem, understanding and clarifying the
intentions and balancing the criteria to determine a successful outcome.
Scruton (1979) describes architecture as ‘free’- exemplifying the imaginative experience
rather than the literal one (p. 103). It would therefore be a gross oversimplification to
reduce architecture to a mathematical problem solving exercise. Architectural design is
more like story telling, it is not just the experience, but also the pleasure that comes with it.
Stories are interpretative, selective, subjective, based on other stories, can be parts of a
story and can lead to new stories. The narrative form suits the complexity and
interconnection of the characteristics of a design process. The story told in this thesis, like
any other story is simply one of a multitude of views that could be expressed about the
same projects.
The case studies fall into two primary categories. Firstly, the formative case studies based
on the author’s architectural practice from 1989-93, and secondly, the case study project
comprising the author’s built works at the Thurgoona campus of Charles Sturt University
from 1994-2000. The formative case studies further divide into the unbuilt work of the
author for the Australian Geological Survey Organisation (AGSO), and eight large office
buildings that the author had the opportunity to visit in 1991.
The narrative form that this thesis uses, in particular to describe the case study project, is
built upon by the abstraction of key values and principles to provide a generalised view of
the story told presented as design considerations. These considerations provide insight into
the author’s reflections on the design process, and thereby form a platform for study and
analysis that contributes to the accessibility of the body of knowledge presented in this
thesis to the reader. The first step in this process is to tell the story of the formative case
studies to position the case study project in a context that relates to the author’s earlier
design experiences, and then, in the latter part of this chapter, to use these experiences to
build a conceptual framework for the description of considerations in the design process.
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2.1.4 Methodological structure of thesis
Chapter One as seen draws on literature to introduce the problem of environmentally
sensitive design for buildings in the Australian context. In the way of a background to the
problem, the political context, which governs the development of planning policies and
guidelines and ultimately provides essential practical and legal support is established. An
appropriate ethical framework which will enlighten and inform the making of judgements
inherent in the design process is identified. The deleterious impact of buildings on the
environment is elaborated. The research objectives are described and the proposition of the
thesis presented. The research problem is defined through examination of limitations and
key assumptions.
Chapter Two likewise uses the technique of literature review to help define a suitable
methodology. A reflective action grounded research methodology is proposed that extends
the theory of architecture by taking a rather personal journey through case studies of the
author’s experiences as a practitioner of architecture. Chapter Two sets the scene for
development of the narrative format of Chapters Three and Four. The intent is to position
the reader within the context of a narrative of events and progress through the background
of these events to thinking about the practice of architecture in a reflective manner. This
leads to the development of a structure suited to recording an abstract view of the author’s
considerations during the design experience.
Chapter Three uses a reflective narrative methodology to present the case study project,
specifically the site planning, design and construction of Thurgoona campus of Charles
Sturt University (CSU) from 1994-2001 in regional New South Wales. A descriptive
overview of the case study project provides the necessary background for the analysis of
the project in Chapter 5. The case study is an intimate look into the author’s practice of
architecture at this stage of her life.
Chapter Four continues with the reflective analysis of the case studies in the narrative
mode. In a first hand manner, some components of the Thurgoona campus case study are
dissected to illustrate the complexity of expression of a new environmental rationale, and
to elucidate input into the formulation of the abstract view of the author’s considerations
during the design experience. The chapter concludes with an evaluation of the Thurgoona
campus.
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Chapter Five applies a grounded research methodology to structure and integrate the
descriptive data summarise the considerations of the design process. Examples are drawn
from the formative case studies described in Chapter Two, as well as the case study project
the subject of Chapters Three and Four. In the tradition of action research, it addresses a
means to alter people’s behaviour by describing an ethical framework relevant to
architectural practice. A reflective research methodology is applied to integrate the data
collected from the stories into the formulation of the values, principles, and design actions.
The chapter concludes with some recommendations for the design of campus buildings and
reflections on the characteristics of a deep green design process. Conclusions are drawn on
the contribution of the thesis to the practice of architecture and the implications to
architectural theory, policy and practice.
Figure 2.1 summarises the key components and processes included in each chapter of the
thesis.
FIGURE 2.1 Methodological structure of thesis
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2.1.5 Methodological context of the case studies
The Green Building Handbook (Woolley et al, 1997) proposes that ‘one of the best ways to
understand and see the benefits of green building is to visit or read about examples’ (p.
17). It is a frequent criticism of theoretical research methodologies that the results are not
widely applicable in real life. However, this thesis addresses the problem in two key ways.
Firstly, using case studies that are part of real life and which took place in real time over a
period of years in Australia, namely the AGSO project and the Thurgoona campus project.
Secondly, the fact that the author was involved as the chief architect in both of these case
studies.
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The real life aspect of case studies also provides insight to development at a cultural level.
As Brian Edwards, Professor of Architecture, University of Huddersfield comments:
The case studies seek to show that emergent environmental design principles will produce a
visually rich and formally different architecture. Perceptions of beauty will increasingly reside
in questions of ecological impact, not in the remoter reaches of fine art which has dogged much
recent architecture (1999, p. 265).
In Chapter One, some attempts to establish environmental criteria are discussed, and the
extensive use of case studies is apparent (MacKensie, 1991; Vale, 1991; Edwards, 1999;
Cook, 1991; Mendler, 2000; Guzowski, 2000; Edwards, 1998; Jones, 2000). Case study
analysis allows some discussion of the process of design related to real constraints,
practical, political, social, and economic.
Further credibility of this approach may be gleaned from the definition of green buildings
by the authors of the Green Building Handbook (Woolley et al, 1997): ‘For a building to
be green it is essential for the environmental impact of all its constituent parts and design
decisions to be evaluated’ (p. 4). They emphasise the importance of exploration of the
issues, choices and ultimately the implications of decisions.
Judgement about what should and should not be used can then be made by well informed
designers and clients through a process in which they take responsibility for the implications of
their decisions (p. 10).
Thus flexibility in an approach that supports design stemming from an awareness and
exploration of the issues is needed and what better way than through an accumulative
process drawing on examples. As Edwards (1998), comments ‘the way to solve the
environmental problem is by legislation, education and example’ (p.10).
Laura C. Zeiher (1996) also attempts to relate the process of creating ecologically
conscious architecture through case studies:
A summary of considerations reviewed in the case studies … provides a technical list of the
ecological issues that must be addressed in a project. Not intended to be followed merely step-
by-step, the issues should be approached in an integrated manner with a clear commitment to
honoring each human and environmental resource that creates the resulting architecture (p. 94).
However, Zeiher falls short of analysing the record of each case study and therefore, the
book is best described as a series of short project reviews.
In the tradition of participant observer methodologies, giving some background to the
researcher sets the scene. The early chapters describe the infancy in the growth of a
repository of reflections on the author’s practice founded on the literature reviews and
introductory case studies. This initial consolidation of data allows the evolution of a
structure for the format of the succeeding two chapters which extends the theory of
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architectural practice by way of a rather personal journey through some of the author’s
recent work. The analysis of the case studies in northern Europe, and the AGSO project,
position the case study project, the Thurgoona campus, within the context of a narrative of
events reflect the progress of the author’s thinking about the practice of architecture. The
European case studies are particularly relevant to the methodology proposed by this thesis,
as they are projects that the author was able to visit as part of her work on the AGSO
project. The fact that they were studied in the context of the development of the
architectural project that she was employed on at the time makes these case studies even
more relevant, as they directly influenced the design process and outcomes of a real project
of the participant observer.
The case studies
The case studies fall into three categories:
1. Formative case study- Australian (unbuilt work by the author)
2. Formative case studies- International
3. Case study project- Australian (built work by the author).
The case studies were selected on the basis of the author’s involvement, their
representation of environmentally sensitive design, because they fit the definition of large
buildings, and they are predominantly office accommodation, or similar to. Detailed
information about the Australian and international formative case studies is at Appendices
C and D respectively.
Formative Case Study- Australian (unbuilt work by author)
Design of a new 40, 000 square metre office and laboratory
for the Australian Geological Survey Organisation in Canberra
that utilised an approach based on ecologically sustainable
design principles (Illustration 2.1).
Illustration 2.1: AGSO
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Formative Case Studies- International
Federation of the County Councils: Överkikaren,
Stockholm SWEDEN. Redevelopment of a city block called
“Överkikaren” including the new construction of a low energy
office building, Scandic Crown Hotel and Conference Centre,
retail shops, a restaurant and a health club (Illustration 2.2).
Headquarters Building, Scandinavian Airline System
(SAS): Frosundavik alle 1 SWEDEN. New SAS head office
comprising 5 office blocks connected by an atrium pedestrian
street along which staff amenities, facilities, lifts, bridgeways
and stairs, cultural events, exhibitions and informal meeting
places are located (Illustration 2.3).
Kristallen: Fastighets AB, Uppsala SWEDEN. Low energy
commercial office building under construction in Uppsala,
Sweden as speculative development by Dios Properties
(Illustration 2.4).
Byggeriets Realkredit Fond (BRF) Headquarters:
Klampenborgvej 205, Lyngby DENMARK. Three narrow
atrium office wings linked to a main square shaped building
with central atrium (Illustration 2.5).
Colonia Insurance Company Building: Colonia Allee 10-
20, 5000 Koln 80 GERMANY. Low energy office
development divided into clusters of atrium office blocks
focused on a central courtyard,
reception/administration/corporate building (Illustration 2.6).
Zublin-Haus: Stuttgart GERMANY. Two narrow office
wings connected by large atrium courtyard (Illustration 2.7).
Illustration 2.2: Överkikaren
Illustration 2.5: BRF
Illustration 2.3: SAS
Illustration 2.6: Colonia
Illustration 2.4: Kristallen
Illustration 2.7: Zublin-Haus
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Illustration 2.9: Gateway 2
Illustration 2.8: ING
ING Bank Headquarters: De Amsterdam, Poort,
HOLLAND. Ten office towers generally six stories high
connected by enclosed walkways (Illustration 2.8).
Gateway 2, Wiggins Teape Headquarters: Eastrop Business
Estate, Bassingstoke, Hampshire, UNITED KINGDOM. Five
storey high office wings connected by a central atrium
(Illustration 2.9).
Case Study Project- Australian (Built work by author)
Site planning and construction of Thurgoona campus for
Charles Sturt University in regional New South Wales from
1994-99 (Illustration 2.10).
Selection of case studies
The purpose of the case study analysis is to learn about design by experience; this learning
does not only involve looking at the built outcome, but the activity of designing.
Additionally the author’s concern was that, aside from the benefit of professional
development gained by the team members, knowledge and experience gained during the
design of the headquarters building for AGSO would be wasted. The eight international
case studies are a sub-set of the over twenty buildings in northern Europe that the author
was fortunate to visit whilst working for the AGSO. The AGSO firmly believed that their
new building project should be advanced within a framework of understanding of the state
of the art, exemplar buildings. The team had already visited laboratories in Australia.
The author, as project architect, undertook a comprehensive literature review and search of
the Centre for Analysis Dissemination of Demonstrated Energy Technologies (CADDET)
data base to identify suitable places to visit. Some outstanding examples of
environmentally sensitive and low energy buildings were identified; however, the priorities
of the AGSO determined the final selection. These priorities were firstly that the buildings
were similar to the AGSO in size, being purpose designed for a large organisation or
Illustration 2.10: Thurgoona
campus
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flexible enough to expand; and secondly buildings which demonstrated passive low energy
design.
As project architect, the author researched relevant examples and selected the places to
visit after considerable library research and extensive discussions with:
- the Centre for Analysis Dissemination of Demonstrated Energy Technologies
(CADDET), operated by NOVEM, a Dutch Government organisation providing an
interface between R&D and market acceptance of energy efficient technology;
- the CADDET Analysis Support Unit, based in Sweden, responsible for data
collection, analysis and dissemination of data on demonstration projects;
- Dr Craig Marsden, Department of Primary Industry and Energy (DPIE), being the
CADDET agency in Australia;
- Mr Robert Hastings of the International Energy Agency (IEA), based in
Switzerland;
- Mr Bruce Godfrey of the Energy Research and Development Corporation;
- Australian and overseas private and Government organisations including the UK
Building Research Establishment;
- Bureau of Mineral Resources (BMR) Heads of Program.
In consideration of the time available, the tour was limited to northern Europe where the
most relevant examples were identified. In October, 1991, five members of the project
team visited examples of large, passive low-energy commercial buildings, and recently
constructed laboratories in northern Europe.
This chapter explores the AGSO case study and the international case studies to examine
experiences important to the formation of the author’s architectural approach. These case
studies played an important role in helping to shape the author’s view of environmental
buildings of this scale and of how to form an integrated team.
In a first hand manner, Chapters Three and Four use the Thurgoona campus case study
project to illustrate the ways in which practitioners understand environmental issues and
implement design. It is the very personal nature of the account that engages the reader,
whether a student, academic, practitioner or building owner and makes the emergence of
theory from practice accessible.
The exploration of case studies gives the thesis a ‘real world’ setting rather than in a
conceptual representation of it. This will enable inferences to be drawn based on
observable conditions and increases the likelihood that that any resulting knowledge will
be more directly applicable to practical problems. The subsequent abstraction of the case
studies to form a list of considerations in the design process makes the assumption that it is
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useful to look at the ‘real world’ setting in
terms of generalised principles of building
design and the values for addressing these
problems. If taken literally this would be an
oversimplification of the design process.
However, the aim is to explore a way of
representing the information gathered from
the stories told in an uncomplicated way that
does not rely on the particular plot or
sequence of events.
2.2 Formative case study: Australian Geological Survey Organisation
2.2.1 Context
Following twelve years of lobbying by the Department of Primary Industries and Energy
for purpose built accommodation for the Australian Geological Survey Organisation
(AGSO), formerly the Bureau of Mineral Resources (BMR), the Commonwealth
Government agreed in 1988 that a proposal be developed. Design was budgeted to
commence in 1991 based on special purpose office, laboratory and workshop facilities in
the order of 30,000m² GFA. At this time, the AGSO was dispersed over more ten locations
with most of the laboratories ‘temporarily’ housed in an office building with serious fire,
health and safety issues.
Interestingly, this scientific and technical organisation was by and large run by scientists
who understood the importance of teamwork and research as an integral part of a project
and the pressing need to reduce greenhouse gas emissions. Senior members of the team
undertook a study tour in 1991 that was influential in confirming the ecological direction
of the project.
AGSO is a scientific and technical organisation with field, laboratory, and office based
activities that support of the acquisition and maintenance of geoscientific data of
significant importance. The accommodation facilities they required were correspondingly
complex, technical in nature, and of importance in the success of the organisation's
activities. The design proposal also addressed the compelling fire, health and safety
problems associated with complex laboratory operations and reflected a commitment to the
Illustration 2.11: AGSO design proposal
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health and safety of Commonwealth employees. Given that the AGSO played a vital
national and international role in the formulation and implementation of policies related to
the sustainable use of Australia's resources, they sought a design that was consistent with
their portfolio commitment to energy efficiency and the reduction of greenhouse gas
emissions. In June 1989 Cabinet approved feasibility work to evaluate options. In August
1991 it approved initial design work on development options. In August 1993 Cabinet
approved new accommodation for AGSO at a cost of $114m (Illustration 2.11).
The long established requirement to address AGSO's accommodation needs recognised the
following:
- serious fire safety and OH&S issues;
- necessity for increased space to accommodate area shortfalls and new Program
requirements;
- advantages of co-location including ready and identifiable access to the AGSO by
industry and the public, economies of scale in provision of shared facilities and
services, and flexibility of a purpose built building to respond to organisational
change;
- opportunity to increase the Commonwealth's level of owned accommodation;
- environmental pressure for improved waste management, and improved efficiency
resulting from new accommodation.
In 1990, the AGSO and Australian Construction Services established a joint, multi-
disciplinary Project Team to undertake feasibility studies and initial design of the proposed
new accommodation. Australian Property Group, ACS and the Australian Estate Manager
acknowledged that AGSO urgently needed new purpose built accommodation. The need
was reinforced by the Joint Parliamentary Committee of Public Accounts in 1992.
Independent financial evaluation (Souter et al, 1993) concluded that the Commonwealth
was justified in constructing new purpose built accommodation on the grounds of the
serious risk to occupants of APE and AGSO's unique data base and systems valued in 1992
in the order of $2 billion (p. 29). Furthermore, the report concluded that inclusion of the
environmental features would result in savings over the life of the building (p. 29). In
parallel to an extensive participatory briefing process, design parameters were established
for the project and a simple A4 page was prepared to illustrate the key issues (Illustration
2.12).
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Illustration 2.12: Summary of Design Parameters 
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2.2.2 Design
The design focus was on ensuring future flexibility for the changing needs of a dynamic
organisation with diverse research and commercial programme requirements, and on
responsibly managing energy use, resources and environmental impact. The design
approach developed based on the understanding that occupant comfort, environmental
performance and the flexibility to adapt the building over time, would be significantly
affected by perceptions and decisions made before, and early in, design.
The approach therefore tried to establish a practical and rational understanding of the needs
and values of the design process - a complete statement of the problem and the tools to
handle the complexities of environmental options for building design. Design decisions
were made in conjunction with ongoing life cycle costing.
Conventional engineering analysis tools did not yield accurate performance predictions for
the physical characteristics of the sort of innovative solutions being examined. However,
extensive modelling was undertaken which demonstrated the comparative effectiveness of
the proposal, albeit involving some very conservative assumptions about performance.
Compounding the problem was the lack of monitored performance results from Australian
buildings to assist with development of the modelling tools.
The designers gained experience and abilities in describing environmental conditions and
their influence on design. The designers needed imagination, as well as analytical skills, to
understand the effects of the completed building and its relation to the experience of those
who would use it.
The team skills spanned architecture, landscape architecture, interior design, laboratory
management, structural, mechanical, civil and electrical engineering; industrial design,
building science, quantity surveying, project management and computing. The small team
environment and the participation of the users provided opportunities for collaboration on
aspects of design that are not found in typical large, sequential design efforts. The
collaborative design approach developed for the AGSO Project inherently generated more
interaction between designers and users, a sense of responsibility for each other’s design
work and better project data. Critical to the evaluation of complex design alternatives was
the continuity of team membership and a multi-disciplinary input from the inception of the
project.
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The project team undertook a systematic evaluation of AGSO accommodation
requirements making extensive use of survey, interview and participatory design
techniques. The identified functional requirements underwent a number of critical reviews
by the Team and by representatives at all levels of the AGSO. The resulting design brief
including indicative layouts for each area, was a highly detailed record of the user and
building requirements. The brief was viewed as dynamic life-cycle information, to be used
as the basis of the facility management part of a building management system.
Project design criteria were established from the parameters set by the initial AGSO user
brief and by client objectives for ecologically sustainable development. These criteria form
the basis of a set of logical views of the design options and evaluation of design decisions.
This was an attempt to develop an informed design process that considered functional,
environmental, financial, social, and cultural factors.
The assumption was that ultimately the building performance, particularly in relation to
passive features, would rely on an educated, intelligent and responsible use by the
occupants. During the construction phase a formal education process was planned to
familiarise the occupants with the information they would need for the responsible
management of their building. An informal education process occurred during design by
working collaboratively with these users and by giving seminars. An increasing awareness
of the design issues became apparent along with an appreciation of the common sense
approach to design decision making.
The innovative building proposal embodied environmental design principles and
techniques that had not previously been employed in large office buildings in Australia.
The siting strategies optimised solar control, access to daylight and ventilation, and
incorporated the retention of all stormwater on-site, use minimisation, recycling and
rainwater collection. Consideration of comfort conditions for thermal, lighting, vision,
sound control and air quality was a primary determinant of the design. The building form
was determined in response to the space planning requirements and the optimisation of
daylight and natural ventilation. Early decisions favouring passive techniques were critical
in developing a building envelope responsive to temperature variations.
The use of mixed mode climate control, cogeneration and groundwater thermal exchange
resulted in a reduction of the building's contribution to greenhouse gas emissions by almost
half, and elimination of the use of ozone depleting CFCs and HCFCs (Energy Partners,
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1993). Materials selection took into account environmentally sensitive production and
sources, transport cost, life-cycle cost and potential for efficient use. A detailed description
of the ecological determinants and outcomes of the final design are described in Appendix
C; Figure 2.2 provides a summary.
FIGURE 2.2 Key environmental design characteristics: AGSO
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2.2.3 Corporate philosophy
The AGSO viewed the essence of sustainable development as the maintenance of the
nation's natural capital (ie its identified stock of mineral and petroleum resources, its
agricultural resource base, and its environmental heritage). The AGSO were committed to
an environmentally conscious and passive design approach that not only reduces the risk of
the greenhouse effect by reducing energy consumption, but also minimises environmental
impact by the sustainable management of resources and strategies. The project was viewed
a pilot project to demonstrate that an environmentally sound approach can be commercially
67
successful, functional, and attractive. The AGSO recognised both the need for research and
development in sustainable design, and the need to demonstrate this technology in large
buildings.
The overall project objectives established by the AGSO Executive after a Value
Management process were to:
1. Provide accommodation which meets the client needs as described by government.
2. Minimise the cost of owning and operating over the life of the building, to reflect
total asset management principles.
3. Deliver a building with the flexibility to:
- accommodate changing technology;
- accommodate changing customer needs;
- accommodate changing function;
- accommodate changing OH&S standards;
- accommodate fluid team structures.
4. Provide a simple building which facilitates the intent of AGSO's management
philosophy (user friendly).
5. Demonstrate ecologically sustainable development.
6. To enhance the image that AGSO wishes to present a public face that is:
- welcoming;
- customer focussed;
- responsive;
- scientific leadership;
- non-institutional.
The established functional project objectives were:
1. To complete the project at a cost of not more than $114 million.
2. To provide a user driven design process and building which:
- best facilitates the delivery of AGSO's science program;
- allows a high level of individual control and responsibility over the
environment.
3. To achieve occupancy as soon as possible (not later than 30/6/98), subject to
OH&S requirements, functionality, cash flow, availability of funds, and cost
effectiveness.
The innovative and ecologically sustainable design for the new building stemmed from the
AGSO view of its corporate responsibility as twofold - responsibility to society to reduce
energy usage and minimise environmental impact, and to employees to provide a healthy and
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comfortable workplace. An integrated construction management project team approach was
proposed for construction. The advantage of this delivery method was seen as allowing
special attention to resolution of design and buildability issues before commencement of
construction, the need for joint owner, occupier,
designer, contractor and supplier involvement at
an early stage, and improving industrial relations
to avoid adversarial relationships. This
approach, based on trade packages, was viewed
as the most effective in establishing the
framework and continuity necessary for
reconciling the construction expenditure within
the limits of the cost plan.
The project was independently reviewed in
September 1993 by Tracey, Brunstrom &
Hammond, Project Management Services and
assessed as generally being at final sketch plan
stage. The project was poised to commence
contract documentation, however due to the
government’s decision to undertake a major
review of the organisation’s function and
purpose, the project was put on hold in June
1992 (Illustration 2.13). The organisation was
downsized by about half and work did not
recommence on the project for two years.
2.3 Formative case studies: International (1991)
The study tour is relevant largely for the influence it had on the perceptions, knowledge,
authority and confidence of the client and designers, of both the AGSO and Thurgoona
projects. The study tour participants were John Cahill, Head of Business Management,
AGSO, Roy Wellington, Project Director, AGSO, Rob Rice, Mechanical Engineer, ACS,
Ken Highway, User Representative and Laboratory Manager, AGSO and the author,
Project Architect.
This section summarises the key environmental design outcomes of each case study project
and discusses the design approach and corporate attitudes to the project. Details of the
Illustration 2.13: Bureau bid for $100m R&D centre
(Briggs, 1992, p. 18)
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study tour are given in Appendix D. Unless otherwise stated the data presented in this
section has been obtained from the building guides, generally a combination of the
architects, engineers, facilities managers.
2.3.1 Överkikaren (Appendix D.1)
The Överkikaren project is in a city block of central Stockholm with neighbouring
buildings dating to the 17 century. The project was planned in two distinct parts, an office
building and a hotel and conference centre. There were difficult ground conditions and
level differences of up to 20m over the site and the project integrated a road and train
connection under the project.
Design
The functional and design brief was jointly prepared by K-Konsult and future occupiers.
K-Konsult designed and project managed the development which allowed a high degree of
control to be maintained throughout construction.
K-Konsult, with about 1200 employees at the time of the study, was one of the largest
consultancy groups in Europe and after 50 years of operation as a government body was
privatised. Their integrated scope of services included architecture and community
planning, indoor climate and energy management, infrastructure and environmental
technology, building engineering and project management, electrical engineering and
telecommunications, water engineering and systems, and energy engineering and systems.
The design approach followed by K-Konsult was to combine the required expertise from
individual departments to form an integrated team for each project. This multi-disciplinary
integrated team approach was viewed as essential to achieve comprehensive technical and
economic solutions to design problems. Research and development and innovation were
an expressed key focus of the organisation.
K-Konsult developed and integrated the use of computing design including K-CAD
extension modules for Autocad prior to the commercial availability of extension software
for computer aided drafting packages. One such package was E-NORM which was used for
energy flow modelling, calculation of energy consumption of completed systems, and
determination of the amount of insulation and the design of the radiator system. At the time
airflow modelling for heating and ventilation was complicated, requiring too much memory
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to be practical, but this was not considered to be an obstacle by the design team who used
their combined experience and understanding of building physics and some simpler
modelling tools to design the natural ventilation system. Figure 2.3 summarises the key
factors apparent in K-Konsult’s approach to the design and the environmental design
outcomes this project.
FIGURE 2.3 Key environmental design characteristics: Överkikaren
ENVIRONMENTAL
IMPACT
RESOURCE
RESPONSIBILITY
PASSIVE DESIGN DESIGN APPROACH
Siting in CBD
Close to transport
Rhythm of façade
consistent with
neighbouring historic
buildings
Scale in keeping with
neighbouring historic
buildings
Underground train and road
integrated in development
Non-toxic materials for
interiors
Plants in atrium for
cleansing air
Individual offices with
access to shared multi-
purpose space
Individual control of radiator
heating
Individual control of
openable windows
Integration of artworks
Atrium orientated to
optimise daylighting
Variable depth of floor plate
due to site constraints
100% fresh air
Openable windows
Thermally massive
High level of insulation
Atrium mediates external
temperatures, provides
ventilation and daylight
Heat exchange with
exhaust air
Bay windows increase
daylight penetration
Design brief to reflect
cooperative nature of
organisation.
Detailed brief prepared by
design team and future
occupiers
Multi-disciplinary integrated
team
Thermal and energy
performance modelling
Corporate attitude
The objective of the Överkikaren project was to bring together the cooperative
organisations for the 23 county councils of Sweden under one roof. The Federation of
Councils placed a high level of importance on the need to reflect the cooperative nature of
the organisation by providing views of, and
contact with, the working areas from the main
public space. Key public areas are therefore
accessed from the entry level of the atrium
(Illustration 2.14).
Artworks are exhibited throughout the
offices and concentrated on the 12th floor
where the cafeteria, conference centre and
lecture hall are located. One percent of the
total project budget was spent on artworks. The selection of artworks was made on the
basis that artists should originate from all over Sweden and that their pieces should
represent the 1980's.
Illustration 2.14: Överkikaren- interior
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2.3.2 Scandinavian Airline System (Appendix D.2)
The SAS building has an innovative heating and cooling system combining heat exchange
with seasonal thermal storage in an aquifer, natural convection and fresh air ventilation.
The exclusive use of a combination daylighting and task lighting was also unique in the
case studies. The building is sited on an old gravel pit to minimise disruption to existing
vegetation. The form of the building to fits into the surroundings with a pedestrian street
sloping down to the water reflecting the
natural fall of the land.
The orientation of the office wings takes
advantage of opportunities for daylight
penetration, views, and solar gain. All offices
have views that help link the interior space
with the outside (Illustration 2.15).
Design
The architectural design concept was to create an office environment that functioned as a
community and at a human scale. To meet this aim the offices were spread over several
buildings clustered along a pedestrian street
to reduce proportions and to create a light,
spacious and lively feel.
The public street is a place to meet, go
shopping, listen to concerts, go to a lecture,
exercise, dine at a restaurant or drop into a
café (Illustration 2.16). In the office buildings
different colour schemes identify your home
base. Each employee has a completely
private office grouped around a multipurpose
workroom that provides a more intimate
focus for activities outside the private
domain. This shared space acts as an
extension of the private office and fosters
openness and teamwork. The organisation
Illustration 2.15: SAS Headquarters
Illustration 2.16: SAS- pedestrian street
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and the designers believe that it is essential to have a totally private workspace as well as
communal areas.
A basic starting point for the design of the offices was to provide views, daylight and
openable windows to all offices. Glass was applied to the face of some of the exterior walls
for appearance. This solely aesthetic use of glass is representative of the lack of
consideration of broader environmental issues as opposed to designing for low energy use.
Figure 2.4 summarises the key factors apparent in the approach to the design and the
environmental design outcomes this project.
FIGURE 2.4 Key environmental design characteristics: SAS
ENVIRONMENTAL
IMPACT
RESOURCE
RESPONSIBILITY
PASSIVE DESIGN DESIGN APPROACH
Close to transport and
good connection to the
airport
Reuse of old gravel pit
Minimal disruption to
existing vegetation
Building forms to suit
existing ground
Plants in atrium for
cleansing air
Individual offices with
access to shared multi-
purpose space
Individual control of
openable windows
Individual control of lighting
Individual selection of office
furniture and lighting
BMS and monitoring
managed by Consulting
Engineers and full time
team
Orientation to suit climate
12m office wing depth
(variable)
100% fresh air
Openable windows
Adjustable sunshading
All offices have daylight
and views
Task lighting only
Passive chilled beams over
windows for heating and
cooling
Aquifer thermal energy
exchange and storage
High level of insulation
Atrium mediates external
temperatures, provides
ventilation and daylight
Heat exchange with
exhaust air
Brief to reflect corporate
image and philosophy, low
energy use, provide
healthy, comfortable
workplace, views and
individual control
Detailed brief prepared by
design team and future
occupiers
Future occupiers involved
in design process and part
of project team
Prototypes used
extensively
Multi-disciplinary integrated
team
Thermal and energy
performance modelling
Employees were encouraged to participate in decision making throughout the design
process and during construction. Final responsibility for design decisions rested with the
20 member project group formed of all consultants that acted as a forum for transmitting
information and ideas. An SAS member of project group ensured expression and
implementation of user requirements. A steering group was established for executive
liaison and input. Prototype rooms were constructed and furnished for consideration and
input by all employees. Prototypes of the furnishings were developed at an early stage and
employees participated in their testing and final selection. A monthly newsletter was
published to keep everyone up to date on design and construction. During construction
employees were encouraged to visit the site and everyone was issued hardhats with their
names.
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The spirit of participation has continued during the occupation of the building and is
apparent in the effective operation of building systems which rely on individual control and
the utilisation of the spaces. There is a high level of individualisation of work areas and
active caring for and use of the communal spaces.
Niels Thorpe, the architect for the project, sums up the design process as follows:
This has been an exciting job for a good customer. SAS was determined to get something more
than just a building as a framework for its ideas and ambitions. So at times the discussions
have been pretty tough to resolve certain details, and I guess I have had to make some
compromises. But that’s also why the work has been fascinating. It is always inspiring to work
for somebody who is exacting and knows what he wants (SAS, 1990, p. 22).
Corporate attitude
The decision to move was based on financial considerations of the cost savings achievable
by relocation from thirty odd offices all over Stockholm and consolidating in one energy
efficient building. The improved efficiency resulting from consolidation and a building
design that fosters communication and responsibility was very apparent to management.
The organisation believes that efficiency has improved and that from a capital point of
view the building is already worth more than it cost.
The site selection on the road that links Stockholm with the airport was perceived as
reinforcing the SAS identity as a Scandinavian enterprise. But also importantly it was an
opportunity for the innovative ATES system.
The brief was for the new offices to reflect SAS corporate image of a modern, efficient and
open organisation, and to enhance in a physical form the SAS corporate philosophy of
freedom with responsibility. Part of the definition of efficiency included the incorporation
of low energy design. The organisation felt a responsibility to society to reduce energy
usage and had the desire to provide employees with a healthy and comfortable workplace
where everyone has unobstructed views and as much control of their environment as
possible.
Jan Carlzon, President and CEO view that a service company cannot be a hierarchy, but
rather must foster communication and togetherness, lead to the design requirement for
individual offices all the same size grouped around multipurpose shared space which links
to the pedestrian street (SAS, 1990, p. 4).
It was likewise Jan Carlzon’s conviction to involve everyone in the design
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..to provide services rather than directives to the people in the field. ... Good ideas are rarely
created when you're sitting at your desk feeling alone and tense, but during creative encounters
between human beings (SAS, 1990, p. 4).
SAS selected the project management and construction company partly because it has a
similar organisational philosophy to its own. As Charles Taxen, Project Manager, and Ake
Larson Byggare, explains
Our approach is very similar to that of SAS. We have felt it to be important that everybody
had a sense of belonging on a team, of being able to come up with new ideas, of satisfaction
with a job well done (SAS, 1990, p. 24).
2.3.3 Kristallen (Appendix D.3)
Background
Kristallen is a speculative office building that markets a healthy work environment that is
energy efficient to occupy (Illustration 2.17). The building's external skin has a high
thermal mass whilst the lightweight interior
focuses on a central atrium which provides
insulation, daylight, and fresh air, and which
has a mediating influence on the
temperatures. The use of an earth thermal
exchange tunnel is unique in the case studies.
The building is located in an office and light
industrial area of Uppsala, which is about
50km to the north of Stockholm. The site is bounded by light industrial and office
development and adjacent to a forest. The siting of the building was determined by need to
position the earth-air exchange tunnel inlet near the forest to provide the cleanest possible
air. The buildings are divided into small narrow blocks situated around an atrium to
optimise daylighting.
Design
The design of the developer was to provide high quality speculative office space based on
the idea of creating a healthy building with low energy consumption, fresh healthy air,
good indoor climate with individual control, daylight to all areas, and use of natural
materials.
Illustration 2.17: Kristallen- atrium
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The project team was brought together for the duration of project, and the design
commenced with an education process for team. The Project Manager believed that
bringing the team together and going through an education process to increase their level of
awareness was essential to the success of the project. Prototypes, including full scale fully
furnished working models of the range of
offices, were used extensively during design
and successively for marketing (Illustrations
2.18). Here again the Project Manager believed
that the use of prototypes was a necessary part
of the design decision making process,
particularly since innovative ideas were
involved, but also to demonstrate the finished
product to prospective investors. Figure 2.5 summarises the key factors apparent in the
approach to the design and the environmental design outcomes this project.
FIGURE 2.5 Key environmental design characteristics: Kristallen
ENVIRONMENTAL
IMPACT
RESOURCE
RESPONSIBILITY
PASSIVE DESIGN DESIGN APPROACH
Siting adjacent to forest to
suit air-earth exchange
Siting in industrial/office
park
Close to transport
Non-toxic materials for
interiors
Plants in atrium for
cleansing air
Individual control of radiator
heating
Individual control of multi-
positional windows
Individual control of lighting
10-18m variable floor plate
depth
100% fresh air
Timber framed, double
glazed, openable windows
Adjustable sunshading
Thermally massive
High level of insulation
Atrium mediates external
temperatures, provides
ventilation and daylight
Passive chilled beams over
windows
Air-earth thermal exchange
tunnel
Heat exchange with
exhaust air
Night cooling
Brief to market a healthy,
energy efficient work
environment
Prototypes used
extensively
Multi-disciplinary integrated
team
Thermal and energy
performance modelling
Corporate attitude
The project manager firmly believed that the caring approach to design would pay off, not
only for the developer, but also for the occupiers. The design objective to reduce energy
use and to provide a good healthy indoor climate to all occupants was also one of the key
selling points.
Illustration 2.18: Kristallen- prototype office exterior
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2.3.4 Byggeriets Realkredit Fond (BRF) (Appendix D.4)
The BRF Headquarters is four stories high with three office wings linked to a main
administration block (Illustration 2.19). The office wings have a central atrium that runs
for the length of the building and lights and
ventilates the circulation space, as well as
providing passive heating by direct solar gain. The
offices have external windows for daylighting and
ventilation. The daylighting strategies employed in
the design of this building demonstrate significant
reduction in energy that results from replacing
artificial light with daylight.
The building is the headquarters for Byggeriets
Realkredit Fond, a Danish finance company for
property mortgages. Lyngby is a suburb of
Copenhagen located 10 km north of the CBD. The
site is in a business zone near a major shopping
centre.
Design
The design brief was to provide a pleasant work environment, views, daylighting for
offices, reduced energy costs, and natural ventilation. The previous headquarters building
suffered from a lack of daylight, views, and fresh air. The BRF was intent on reducing
electricity costs and on providing a healthy and attractive work environment. Increases in
productivity were also anticipated from the creation of a better workplace. Legislation in
Denmark does not permit cooling of office areas, so passive control of internal
temperatures is essential.
Figure 2.6 summarises the key factors apparent in the approach to the design and the
environmental design outcomes this project.
Illustration 2.19: BRF- atrium
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FIGURE 2.6 Key environmental design characteristics: BRF
ENVIRONMENTAL
IMPACT
RESOURCE
RESPONSIBILITY
PASSIVE DESIGN DESIGN APPROACH
Siting in business zone
Close to transport
Individual control of radiator
heating
Individual control of multi-
positional windows
Individual control of
shading
Individual control of lighting
BMS management by full
time team
Monitoring by Consulting
Engineers for IEA Task X1
Orientation to suit climate
12m floor plate depth
100% fresh air
Triple glazed, openable
windows
Adjustable sunshading
Thermally massive
High level of insulation
Atrium mediates external
temperatures, provides
ventilation and daylight
Brief to provide a pleasant
work environment, views,
daylight, reduced energy
and natural ventilation.
Multi-disciplinary integrated
team
Thermal and energy
performance modelling
2.3.4 Colonia Insurance Company Building (Appendix D.5)
The Colonia Insurance Company Building consists of administration, staff amenities and
four storey office blocks clustered around a central courtyard (Illustration 2.20). The
building has an advanced window design that uses
a combination of three opening panes to provide
daylight, natural ventilation and views. Each office
block has an atrium core that increases
opportunities for daylight, natural ventilation and
insulation. The thermal mass of the concrete floor
slabs and cavity brick walls acts as a heat sink.
Design
Prototypes were used extensively during design
process. In parallel the engineers developed
computer modelling and monitoring interpretation
techniques that were consequently used for the
building management system.
A full size prototype construction of a typical room simulated the performance of different
window types and air flow conditions. The final window design was developed by
manipulation of this prototype. A 1:20 scale model of the building was then used for wind
tunnel testing at the University of Munich. Measurements of wind speed on each facade
were used to computer model wind speed in the work areas. Figure 2.7 summarises the key
Illustration 2.20: Colonia- office block
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factors apparent in the approach to the design and the environmental design outcomes this
project.
FIGURE 2.7 Key environmental design characteristics: Colonia
ENVIRONMENTAL
IMPACT
RESOURCE
RESPONSIBILITY
PASSIVE DESIGN DESIGN APPROACH
Siting business precinct
Close to transport
Plants in atrium for
cleansing air
Individual control of volume
and direction of air supply
Individual control of
windows
Individual control of lighting
BMS management and
monitoring by full time team
100% fresh air
Advanced, double glazed,
openable window design
Thermally massive
High level of insulation
Atrium mediates external
temperatures, provides
ventilation and daylight
Heating by radiators and
limited air-conditioning
using floor supply laminar
flow distribution
Heat exchange with
exhaust air
Brief for flexible work
environment, energy
conservation and individual
control
Prototypes used
extensively
Multi-disciplinary integrated
team
Thermal and energy
performance modelling
Corporate attitude
An organisational philosophy that acknowledged that higher productivity was related to a
healthy work environment drove design decisions. Consequently, natural ventilation and
100% fresh air and allowing people to have a high level of control over their environment
were key considerations.
The brief called for individual offices, flexible small group office work areas integrated
with service areas and small meeting areas. The location of communal spaces including
multi-purpose rooms for meetings and group work, kitchens and staff areas, and photocopy
and equipment rooms is around the atrium. This spatial hierarchy ensured that everyone has
a view to the outside and access to natural ventilation from their work area or office, and
that the communal space is open to the atrium which contributes to a lively feeling and
easy interaction between floors.
The local building regulations were very supportive of passive design and gave everyone
the right to a window, and limit the depth of office space. The regulations stipulated a
minimum percentage of opening per square metre of floor area, or air conditioning with a
relatively high minimum number of air changes. The result was that an increasing number
of new buildings were designed with natural ventilation.
The basis for the energy conservation design principles was the corporate view that natural
resources should be used as wisely as possible to reduce energy consumption. It was also a
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management priority that workers be involved in the control of their environment and that
the building systems were not totally controlled by computers. This philosophy stemmed
from the company's experience that if people have choice and power in their environment
they will choose to save energy and that this saves the company; thereby providing the
opportunity for flow on benefits such as improved conditions, etc. Organisational goals
reinforced the need to ensure that the design is flexible in detail, as well as overall systems,
to keep up to date with changing technology, work patterns, cost of energy, etc.
2.3.6 Zublin Haus (Appendix D.6)
Zublin Haus is seven storeys high over two levels of underground car parking with two
12.7m office wings flanking a 24.5m wide central atrium. The atrium is used as a buffer to
mediate the climate and to provide fresh air and light to the offices.
The building is in Möhringen on the outskirts of Stuttgart on the Filder plain. The area is a
mix of light industrial and office development. At the time of construction Zublin Haus
was the largest atrium type building in Germany.
Zublin is a large construction company established in Stuttgart since 1919. Over the years
expansion of the company led to the employees being dispersed over several locations in
Stuttgart. To address this problem, Zublin Haus was constructed to accommodate the Head
Office, Overseas Department Stuttgart, the branch office Stuttgart, and subsidiary
companies.
Design
The architect worked closely with Zublin to develop a very economic, simple and elegant
solution to their office needs. Passive design based on the advantages of daylighting, direct
use of solar gain and sun protection determined the north-south orientation of long axis.
The structural system demonstrates a unique and cost effective use of precast concrete, and
the resulting aesthetic expresses a strong architectural integrity.
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The architect had the respect and friendship of his
client, and this special relationship with a
construction company contributed to the successful
development of the building form and integration
of the passive design measures.
The colouring laid into the floor of the atrium
during the pour of the concrete floor depicts a
historic cathedral of the region (Illustration 2.21).
The architect directed and participated in the
production of this artwork. The floor mural adds a
touching sense of humanity and connection with
the community. Figure 2.8 summarises the key
factors apparent in the approach to the design and
the environmental design outcomes this project.
FIGURE 2.8 Key environmental design characteristics: Zublin Haus
ENVIRONMENTAL
IMPACT
RESOURCE
RESPONSIBILITY
PASSIVE DESIGN DESIGN APPROACH
Siting industrial/office
precinct
Close to transport
Plants in atrium for
cleansing air
Individual offices
Individual control of
radiators
Individual control of multi-
positional windows
Individual control of lighting
Individual control of sun
shading
BMS management by full
time team
Monitoring by Fraunhofer
Institute of Building Physics
Orientation to suit climate
12.7m floor plate depth
100% fresh air
Timber framed, double
glazed, openable windows
(single glazed to atrium)
Thermally massive
High level of insulation
Sun shading
Atrium mediates external
temperatures, provides
ventilation and daylight
Heating by radiators
Heat exchange with
exhaust air
Brief for an affordable,
energy conscious and
attractive demonstration of
the company’s product
(construction/precast)
Prototypes used
extensively
Architect worked integrally
with engineers from the
client body (construction
company)
Thermal and energy
performance modelling
Corporate attitude
The Zublin company wanted a building that presented an affordable, energy conscious and
attractive demonstration of its skills and product.
Zublin and the architect were committed to daylighting, direct use of solar gain and sun
protection as simple cost effective energy saving techniques that also add to the comfort
and ambience of the work spaces.
Illustration 2.21: Zublin Haus- atrium artwork
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The company places importance on the development of the social and cultural life of its
employees and the community. The construction of the atrium space incorporating stage
and exhibition facilities reflects the strong community spirit of the company and their
commitment to the support of cultural activities. The use of family grape vines in the
landscaping of the atrium pays homage to the company's roots in vineyards and wine
production.
2.3.7 ING (formerly NMB Bank) (Appendix D.7)
ING varies between three to six storeys high over two storeys of underground car parking
with ten offices towers connected by an enclosed walkway (Illustrations 2.22). On site
power generation, heat reclamation and storage, solar collection, passive solar design,
thermal mass, night cooling, natural ventilation and daylighting result in extremely low
energy consumption. This building is a rare
example of a multi-disciplinary team
approach to design that included the
participation of organisation and staff. The
commitment of the organisation to an organic
approach to architecture emphasising the
human factors of design is outstanding.
The ING headquarters building is located in a
new suburb to the southeast of Amsterdam.
The site is in a district centre accommodating
shops and offices and well connected by
public transport and roads. Site selection was
subject to a vote by staff on the preferred
location.
The rapid growth of ING created an inefficient accommodation arrangement. The staff
was dispersed over five separate locations in Amsterdam and a neighbouring town
including a head office for 1200 staff occupied in 1974. In 1978 ING decided to construct
a new head office consolidating its Amsterdam activities on one site. The organisation
was concerned that the new building be efficient and flexible, minimise operating costs,
and address the inherent disadvantages of housing so many staff in one complex.
Illustration 2.22: ING - office towers
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Design
ING established a multi-disciplinary team which included a coordinator representing the
bank, technical consultants and users. The team worked together without the hierarchal
structure that usually accompanies the architectural design process. A. Alberts, architect,
W. M. Treffers, building physicist, and J. van Rijs, building coordinator comment on the
process demonstrating the importance of an integrated design approach.
The divergence in disciplines has ultimately ended in pernicious polarisation; each specialist
runs his own train on his own track without pondering what problems this one way action will
pose to others. As a consequence, he focuses on technology and not on the people, who
ultimately matter. We have abandoned this system radically by joining our efforts right from
the beginning, analysing the essential requirements the building has to meet and exchanging
precise details right at the start (Alberts and Treffers, 1983, p. 2).
Staff involvement, commencing with site selection, contributed to a series of important
decisions including provision for views, openable windows, use of natural and non-toxic
materials and consideration of pollution in the production of materials. Industrial
legislation required the involvement of Worker Councils in changes to the workplace,
however ING were committed to the involvement of staff throughout the design process.
Figure 2.9 summarises the key factors apparent in the approach to the design and the
environmental design outcomes this project.
FIGURE 2.9 Key environmental design characteristics: ING
ENVIRONMENTAL
IMPACT
RESOURCE
RESPONSIBILITY
PASSIVE DESIGN DESIGN APPROACH
Siting in a new town centre
Close to transport
Non-toxic materials
Materials selection
considered embodied
energy
Plants and water features
in the building used for
cleansing, humidifying and
oxygenating the air
Individual control of
radiators
Individual control of multi-
positional windows
Individual control of lighting
Cogeneration of electricity
with gas turbines and
reclaimed heat used for
absorption chillers
BMS management and
monitoring by full time team
Rainwater used for water
features
Water is treated through a
series of swales,
sedimentation ponds, reed
beds, waterfalls and flow
forms for reuse
Atrium orientated to
optimise daylight and
passive solar gain
Segmented building form
used to reduce heat loss
All occupied space within
7m of an openable window
100% fresh air generally
(partial recirculation of
warm air in winter)
Double glazed, openable
windows
Thermally massive
High level of insulation
Sun shading
Atrium mediates external
temperatures, provides
ventilation and daylight
Heating by radiators
Solar heated air
Heat exchange with
exhaust air
Brief for a functional,
flexible building with low
operating costs and
individual control of climate
and lighting
Multi-disciplinary integrated
team with extensive
corporate and user
participation
Thermal and energy
performance modelling
Artworks integrated in the
design
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Corporate attitude
ING had a refreshing approach to the work environment that encompasses social, cultural,
aesthetic, creative and environmental considerations. Commenting on the post-war historic
need for rapid building construction and the Bank recognised the limitations this placed on
creativity. The Bank’s concerns extended to examining the basis for changing the
philosophy of design.
It is an accepted fact that the architecture of any era of history is inseparably bound to the social
and cultural characteristics of that particular epoch. ... In the past ten years, social trends such
as an increasing acceptance of the concepts of 'limitation on growth' and small is beautiful' have
helped very gradually to bring about a shift in prevailing views in the design of office buildings
(NMB Bank’s Head Office, nd, p. 2).
The brief called for a building that should be functional, flexible and have low operating
costs. Functionality was defined as satisfying not only the technical needs for an efficient
work environment, but as providing for individual control of climate lighting and
ventilation. The foundation of this commitment to individual freedom is the belief that
... the work unit should naturally stimulate its users to work efficiently, whilst the staff in turn
should feel inspired by the environment in which they work (NMB Bank’s Head Office, nd, p.
3).
The requirement for flexibility was based on the need for a rapid and cost effective physical
response to organisational changes.
...every business organisation is a living organism that must be able to continually adapt to a
changing environment (NMB Bank’s Head Office, nd, p. 3).
The bank was rightfully proud of the design process and resultant building.
... the bank did not confine itself strictly to the role of principle, nor even to that of the initiator of
the building process. Indeed it made a firm point of regarding itself as the party responsible for
creating the right atmosphere in which a building such as this could be designed and realised
(NMB Bank’s Head Office, nd, p. 2).
2.3.8 Gateway 2 (Appendix D.8)
Gateway 2 is five storeys high with 13.5m wide offices wings around a 22.5m x 45m
central atrium (Illustration 2.23). The atrium
is used for direct solar heating and to assist
fresh air ventilation through openable
windows. Lighting is an integrated approach
using both direct and indirect daylighting, and
solar control is by shading provided by
external walkways around the perimeter. A
Illustration 2.23: Gateway 2- Wiggins Teape
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precast ribbed concrete flooring system provides effective thermal storage and incorporates
lighting troughs.
Basingstoke is a new town about 75km to the west south west of London. The southerly
sloping site is adjacent to Gateway 1 in the business zone of the new town centre
surrounded by office blocks and roads. Gateway 1 was purpose built in 1973 for occupation
mainly by the client, Wiggins Teape Ltd, with some part to be sub-let. In the early 1970’s
Wiggins Teape decided to relocate to a purpose built headquarters building from their
London premises in an early post-war building.
Gateway 1 was an air conditioned building designed with energy reduction features such as
shading and optimisation of window sizes for daylighting and heat gain. The plan form was
for a shallow building as the perception was that a large open plan office space was not
liked. The subsequent development of Gateway 2 as a speculative venture by the same
client was an interesting opportunity to test the performance of the two buildings.
During the brief development stage Wiggins Teape decided to occupy the proposed new
building and lease Gateway 1. The decision was also made not to air condition the building
as energy costs were rising and it was felt that acceptable conditions could be achieved
without air conditioning.
Design
Anthony Marriott (1990), Partner, Arup Associates London, attributed an increased
knowledge, confidence and a change in perceptions of acceptable comfort conditions
combined with rising fuel costs as fundamental to the decisions to opt for the use of passive
solar techniques in the design of Gateway 2.
The effects of building thermal mass, admittance and thermal storage became routine
calculations and with improved modelling techniques for shading devices, allowed a more
confident dialogue with other members of the design team and the clients. The discussions on
what constitutes acceptable comfort conditions were much clearer, and the capital and running
costs of achieving different room states, or even same room state by different means were much
more clearly understood (p. 121).
Marriott believed that although predictive modelling has been refined over the years and an
automatic system may provide a good starting point, an intelligent and enthusiastic
engineer was essential as the manager of the building to optimise performance.
The real moral is that a good house engineer will learn more and more about the way the
building, its systems and its occupants behave, and by dint of intelligent experimentation, will
find more and more ways of using less and less energy to keep the occupants reasonably
satisfied (p. 120).
85
Figure 2.10 summarises the key factors apparent in the approach to the design and the
environmental design outcomes this project.
FIGURE 2.10 Key environmental design characteristics: Gateway 2
ENVIRONMENTAL
IMPACT
RESOURCE
RESPONSIBILITY
PASSIVE DESIGN DESIGN APPROACH
Siting in a business zone of
a new town centre
Close to transport
Individual control of
radiators
Individual control of
windows
Individual control of lighting
BMS management and
monitoring by full time team
External walkway provides
shading and maintenance
access to facade
Atrium orientated to
optimise daylight and
passive solar gain
13.5m floor plate depth
100% fresh air
Openable windows
Thermally massive
Ribbed exposed concrete
ceilings
High level of insulation
Sun shading
Atrium mediates external
temperatures, provides
ventilation and daylight
Heating by radiators and
underfloor system to atrium
Brief for a low budget
speculative office building
with low operating costs
Multi-disciplinary integrated
Thermal and energy
performance modelling
Corporate attitude
Wiggins Teape happily occupied Gateway 1 for 7 years before commencing Gateway 2.
The design of Gateway 1 was tailored to the specific needs of the organisation, but
incorporated flexibilty for future changes and sub-division for separate tenancies.
The design of the building has been generated out of three main sets of considerations which
are specific requirements of the brief, general characteristics of the site, and a set of intentions
with regard to the office space which have been developed in consultation with the client
(Winter, 1977, p. 344).
The brief for Gateway 1 included the requirement that space could be sub-let as a solution
that was partly based on views of what was commercially viable. It was generally felt that
that an air conditioned building would be easier to rent, and for a better price than a heated
and naturally ventilated building.
The brief for Gateway 2 was for low budget, speculative office space that maximised return
on the tight site. During design of Gateway 2, Wiggins Teape decided to relocate from
Gateway 1 to Gateway 2 which was to be about 30% smaller. The main reason for the
change in plans was that the organisation had reduced in size and could fit into Gateway 2
as the sole occupier. The design was influenced by staff and management attitudes to
Gateway 1.
In discussion it emerged that they no longer felt that air conditioning was necessary and that
room conditions which they felt were acceptable could be achieved without air conditioning
(Marriott, 1990, p. 120).
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In developing Gateway 1 and 2 Wiggins Teape were not only concerned about an economic
solution to their accommodation needs, but with creating commercially viable office space.
They commissioned two buildings with very similar briefs from the same designers over a
relatively short time frame. It is interesting therefore to see the progression from a fully air
conditioned building to a naturally ventilated building reflecting a change in attitudes and
perceptions.
John Willoughby (1989) of Databuild Ltd, in monitoring the building observed and
recorded staff attitudes to the new environment.
The main difference for the office workers who came from the fully air conditioned and sealed
Gateway 1 building, is in their ability to have control over their environment. In their new
offices they may enjoy opening windows and switching lights to suit their particular needs (p.
232).
2.4 Data collection: Formulation of a conceptual framework for description
of a design process
The story thus far tells the beginning of author’s development of a repertoire of
understandings, memories and images that she may draw on to help view new design
situations in different ways.
The formative case studies have been introduced to this chapter for two key reasons (see
Appendices C and D for detailed information). Firstly, it is important that the reader is
positioned in a chronological sense before the story of the main case study is presented.
Secondly, the formative case studies and literature review are explored to extract a
conceptual framework for the description of reflections on the design process related in the
case study project.
Chapters 3 and 4 recount the more recent architectural experience of the author and trace
the design and construction the Thurgoona campus over the subsequent six year period.
Chapter 5 reflects on the formative case studies and the case study project to draw out
comment on the dominant values within that experience and environmental principles that
may be summarised through such an analysis.
This chapter makes a tentative connection between the formative case studies and a
conceptual framework for the description of data.
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2.4.1 Conceptual framework
In this section, insight gained from the literature review and the formative case studies is
structured to lead to the establishment of a conceptual framework to describe the author’s
reflections on the design process of the main case study project in a summary form.
What is important is that this framework allows the reader to get a simplified picture, like a
‘brainstorm’ of the sorts of ideas that come to light in an environmentally conscious design
process. Borrowing from the basis of action grounded research, an initial structure of the
particular principles and values that may be useful in such a process is proposed in Figure
2.11.
The aim is to build a theoretical structure by reviewing relevant literature and personal
experience to identify issues on which the thesis will focus. The literature review
highlights the relationship between the research thesis and the wider context of the design
disciplines.
FIGURE 2.11 Formulation of the conceptual framework
ASSUMPTION OF VALUES ESTABLISHING THE PRINCIPLES GENERATION OF THEORY
1. Determination of the values of
the team.
2. Identification of the
responsibilities of each team
member in the decision- making
process.
3. Evaluation of the activities
necessary to establish project
specific criteria.
4. Establishment of the stability of
the parameters.
5. Identification of the inter-
relationships of the parameters.
6. Comparison of data.
7. Integration of data.
8. Examination of the motivation of
the team.
The literature review indicates concern at the shortcomings and limitations associated with
the specific nature of present procedures. It indicates general agreement on the need to have
regard for ecological concerns in building design and the requirement for architects to
develop more rigorous and environmentally determined approaches to their work. It goes
part of the way to describing the design experience of others, however with the exception
of the Vale’s The New Autonomous House (2000) any in depth description of the design
process was lacking.
The conceptual framework therefore, falls into the two main fields of study canvassing the
principles of building design and the values for addressing these problems. Research of
the principles of building design focuses on recording the principles of influencing factors
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and their relationships, while research of the values inherent in the design process
concentrates on concepts of environmental responsibility and implications for architecture.
Classification model for data
The first attempt at developing a conceptual framework emerged from the need to present
the design philosophy for the Thurgoona campus to the University Council and the
Albury-Wodonga Advisory Council is shown in Figure 2.12. This simplified form was
used as checklist of issues for discussion.
FIGURE 2.12 Environmental design principles and values
A. Principles
PROJECT REQUIREMENTS AND LIMITATIONS ENVIRONMENTAL CONSIDERATIONS
User requirements
Climatic characteristics
Site conditions
Development controls
Low energy consumption
Resource management
Environmental impact
B. Values
CONTEXT CONTRIBUTION OF BUILDINGS
TO ENVIRONMENTAL PROBLEMS
History/ cultural change
Architectural design practice/ role/ consequence
Environmental ethics
Environmental policies
Building standards and codes
Environmental impact
Conventional building design/ construction/ delivery
methods/ management/ research and development
Financial cost
The project requirements and limitations were summarised from the year long brief
development phase of the AGSO project. Likewise the environmental considerations had
been useful subject headings for reporting on the project in terms of the meeting the
organisation’s environmental policy. The earlier research of this thesis described in Chapter
One and the international formative case studies, particularly the guide’s reflections on the
design approach and corporate attitude, provide the connection of these principles to
particular values.
The University was accustomed to thinking about the project limitations and requirements,
the introduction of environmental considerations was new, and not expressed at a policy
level. The further recognition of values inherent in the decision making process was
important in establishing a rationale for adopting the environmental principles being
proposed. For example people ‘off the land’ easily related to the water management
strategies considered as part of resource management as the reliance on dams was
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commonplace to them. Environmental ethics appealed generally even if its initial attraction
lay in a somewhat vague sense of being regarded as a responsible member of the
community. This model for the classification of data collected during the course of the
thesis was progressively refined as information emerged and was sorted.
Description of values
This thesis reflects upon the author’s architectural practice in a manner that illustrates the
ethical basis underlying the analysis of data and decision making on building form,
construction methods, and materials. A structure that may be useful to the description of
factors considered in a design process that integrates ethical considerations is outlined in
this thesis.
The examination of the author’s current practice and the case studies leads to the
identification in Chapter Five of a checklist of some considerations involved with the roles,
values, motivation and responsibilities of the project team members.
The author’s experience is that the complex issues of environmental ethics cannot managed
in a mechanistic manner. The design process must be relatively fluid to deal with diverse
interrelationships and adaptation to different ways of viewing and combining design inputs.
Building on the data structure shown in Figure 2.12, and the formulation of a conceptual
framework described in Figure 2.11, a structure for listing values assumed during a design
process is proposed in Figure 2.13.
FIGURE 2.13 Ethics and responsibility
ASSUMPTION OF VALUES
ETHICAL BASE RESPONSIBILITY IMPLICATIONS
Environmental impact
Resource management
Low energy
Attitude
Role
Team/Users
Description of design principles
It may be useful to think of describing categories in two major areas: project requirements
and environmental considerations (see Figure 2.12). Project requirements are likely to
include user needs, physical site conditions, climatic characteristics, development
conditions, building regulations and standards, and financial considerations.
90
Environmental considerations are likely to include issues of low energy, resource
management, and environmental impact. Given the environmental emphasis of this thesis,
project specific requirements not outlined except within the context of the environmental
concerns.
Figure 2.14 establishes a broad structure for a checklist of environmental considerations
and uncertainties important to design decisions based on the formative case study
experience. The recording of design principles presented in this thesis reflects the author’s
experience on various projects and are therefore limited in their scope.
FIGURE 2.14 Environmental considerations, stability of data, and project elements.
DESIGN PRINCIPLES
ENVIRONMENTAL
IMPACT
RESOURCE
RESPONSIBILITY
PASSIVE DESIGN STABILITY ELEMENTS OF A
PROJECT
Design Approach
User Brief
External Factors
Water, Land, Air
Ecosystem, Habitat
and Species
Design Approach
Passive Design
Materials
Waste
Management
Social
Equity
Aesthetics
Comfort
Siting
Landscape
Building Layout
Passive Measures
Active Measures
Quality of
information
Time constraints
Commitment
Presentation
Complexity
Controversy
Design strategy
Project links
Material
Component
Layout
Systems
Chapter Five elaborates on the outcomes of this process to identify some aspects of the
principles underlying reflections on the author’s design experience in relation to
environmental considerations, the stability of the parameters, motivations for decision-
making, and the degree of inter-relationship of the parameters (see Figures 5.2-5.4).
Description of design influences
Figure 2.15 sets out a structure for the integration of the recorded data. Initially the data
may be sorted into categories to form the parameters of the design problem which represent
the broad considerations relevant to the specific project conditions. As data emerges and is
sorted it is anticipated that new categories will be established as necessary.
This method of recording and integrating data extracts some basic design influences that
may be useful as a checklist of environmental design considerations. The checklist may be
usefully modified to suit particular applications and refined overtime. The resulting overall
structure of the checklist of environmental design considerations is discussed in Chapter
Five (see Figure 5.4).
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FIGURE 2.15 Criteria, options, and motivation.
DESIGN INFLUENCES
DESIGN CRITERIA OPTIONS MOTIVATION
Project Specific
User Brief
Environmental Impact
Resource Responsibility
Passive Design
Quality of information
Time constraints
Commitment
Presentation
Complexity
Controversy
Design strategy
Project links
Material
Component
Layout
Systems
Reliability and limitations of data collection
Although this thesis questions the comprehensiveness of our current architectural thinking
and practice, it is beyond the scope of this thesis to attempt to detail all the specific reasons
or circumstances inherent in a design decision making process. However, through
reflection on a particular design experience, the rationale and motivations for certain
decisions are brought to light.
Given the reflective nature of the thesis the most relevant literature and case studies were
those experienced by the author during the period that is the main subject of this thesis,
namely 1990-2000. The case study data includes examples of environmentally conscious
design for large buildings drawn from Australia and Europe for the reasons detailed earlier
in this chapter. Figure 2.16 identifies some of the factors which qualify the reliability and
limitations of the literature and case study data.
FIGURE 2.16 Reliability and limitations of data collection
SOURCE OF DATA RELIABILITY LIMITATIONS
Literature Review Relatively stable - repeated experience
Able to be referenced.
Discrete existence independent of the
case studies
Broad coverage of issues over an
extended time period
Biased in selectivity of sources
Reporting bias – reflecting the author’s
perspective
Case Studies Targeted - focuses on thesis topic
Reflective - provides perceived insights
Bias due to poor questions
Accuracy of response may reflect bias
Incomplete recollection
Interviewee may express what they think
the interviewer wants to hear
Case Studies of Authors Work Covers case study in real time
Context of case study understood
Insightful outlook on behaviour and
interactions
Time-consuming extra requirement in
addition to being a participant
Selective reporting
Bias due to author's actions
Actual Buildings Insightful into cultural features
Insightful into technical operations
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2.5 Conclusion: Fleshing out of the research issue.
Julia Gardner (1989) has established sustainable development principles for use in decision
making in environmental assessment and management. The principles are categorised as
either substantive or process-orientated. Substantive principles define the ends of decision
making and process principles define the means of decision making. The eight principles
established by Gardner are:
Substantive Principles
- satisfaction of human needs;
- maintenance of ecological integrity;
- achievement of equity and social justice;
- fair distribution of power in decision making.
Process-orientated Principles
- goal-seeking, value-orientated, innovative, and alternative generating;
- relational, systems orientated analysis with awareness of interconnections between
human and biophysical systems, and economics and the environment;
- strategies must be adaptive;
- interactive design for organisation to promote collaboration between disciplines and
integration of management systems.
Julia Gardner (1989) analyses nine decision making approaches based on the principles she
has established for sustainable development. Gardner argues for the necessity of the
application of a simultaneous mixture of substantive principles and process-orientated
principles. Her case is strengthened by an analysis of current approaches to environmental
assessment and management that shows that these approaches are characterised by a
reliance on process-orientated principles. Gardner concludes that traditional approaches
are seriously impaired by a lack of consideration of equity and social justice, and social
self-determination and cultural diversity. The work falls short of developing a decision-
making process; it does however establish a useful framework for an approach that
integrates technical and scientific considerations with qualitative factors.
The search for innovative approaches should, however, go beyond the confines of these technical
approaches to more subjective frameworks for decision-making (p. 361).
This thesis examines design process by looking at design problems from the point of view
of a designer in the design situation. It is in this sense an observation of the mix of
substantive and process-oriented principles at play in practice. By concentrating on a set of
particular design situations faced by the author, some understandings about the nature of
design problems are reached.
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Stephen Trudgill’s (1990) analysis of the barriers to environmentally sensitive problem
solving identifies two levels of approach to defining an environmental problem. Firstly, a
problem may be described by a perceived shortfall of goals, either of a directly personal
nature or as a broader issue of environmental ethics. Secondly, a problem may concern a
duality of attitudes, based either on self-interest or regard for environmental damage.
There are some interesting parallels, therefore, in the work of Gardner (1989) and Trudgill
(1990). Both recognise the importance of setting the scene or understanding the problem,
and establishing an ethical framework for resolution of the problem.
The reflective action grounded narrative research methodology of this thesis distils certain
principles from the literature and case studies and provides a checklist of design
considerations. In the sorting of data, the author make a distinction between the more
comprehensive, broader design principles and the more restricted and specific design
criteria.
The action grounded nature of the research methodology, admittedly somewhat of a black
box affair, is nevertheless valid, not simply in the production of a comprehensive checklist
but more particularly in the way it contributes to the reflective nature of the thesis. The
process of reducing the experiences of a practitioner to a checklist, stimulated memories,
led the author down multiple story paths and lent new perspectives to some of those
experiences. On the other hand, the reflective and narrative nature of the research
methodology is explicit in its contribution to knowledge and goes beyond the definition of
a set of constraints to exemplify the imaginative experience rather than the literal one. It is
interpretative, selective and subjective story telling component that describes the
complexity and interconnection of the characteristics of a design process. By following this
story some understandings about the nature of design problems are reached, and the reader
may draw down on that knowledge to generate new ideas through contemplation of their
experiences and that of others.
This chapter used the techniques of literature review and field work to help define a
reflective action grounded narrative research methodology that extends the theory of
architecture by taking a rather personal journey through case studies of the author’s
experiences as a practitioner of architecture. Furthermore, this chapter has positioned the
reader within the context of a narrative of events and progressed through the background of
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these events to thinking about the practice of architecture in a reflective manner, thereby
setting the scene for development of the narrative format of Chapters Three and Four.
The relationship of the everyday practice of architecture to architectural theory has not so
much been deliberately explored, or made explicitly conscious, but is rather an immediate
personal interpretation of the author’s role in the field of critical theory as a participant in
the design process. Given the constantly changing conditions that structure the design
process (Brown and Duguid, 1996), it is only possible to look at a snapshot situation;
however by focusing these reflections through the looking glass a starting point for future
action is generated.
There are few tools in place to store, organise and access such stories so that the full
consequences of this cognitive model may be exploited, however this thesis represents one
way of generating and disseminating a practitioner’s view of architectural design. This
thesis passes on useful knowledge although it does not attempt to present a theory that will
lead to predictable outcomes in design. This would be to suggest that architecture can be
prescribed like an applied science.
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Chapter Three: Method in practice at Charles Sturt University,
Thurgoona campus
3.1 Introduction
The preceding chapters describe the infancy in the evolution of a design strategy, founded
on deep green ethics, practical experience and exploration of case studies. The intent is to
position the principal case study within the context of a narrative of events, which includes
notes on the progress of thinking about the practice of architecture. The succeeding two
chapters extend the theory of construction through a rather personal journey of a case study
analysis of some of the author’s work over a ten year period.
Selection of a case study, from the author’s own work when she was Director of Design at
Charles Sturt University (CSU) provides a model of environmentally sensitive design
practice. The Thurgoona campus of CSU in regional New South Wales is planned to
exceed 30,000 m² within the next 10-15 years, and is therefore of an appropriate scale to
contribute to the development of architectural thinking about the design of large campus
style buildings. A list of design credits for the projects discussed in this chapter is at
Appendix E. This chapter describes the site planning and construction from 1994-99 of the
Thurgoona campus. Chapter 4 looks more closely at the architectural design process,
evaluates the outcomes, and gives a brief description of subsequent developments on the
Thurgoona campus.
An overview of the project is necessary to form a framework for the analytical bent of the
following chapter that tracks the emergence of theory from practice. In a first hand manner,
this case study illustrates that the expression of a new environmental rationale is possible,
but acting on it challenges the ways in which practitioners understand environmental issues
and implement design.
3.1.1 The site
The 87-hectare site on the northern outskirts of Albury-Wodonga was purchased from the
Albury Wodonga Development Corporation (AWDC) progressively from 1994 to 1998. It
is bounded by the future extension to Elizabeth Mitchell Drive and Shuter Avenue to the
west, Thurgoona Drive, Leahy Avenue and adjoining land to the south, Old Sydney Road
to the east and Six Mile Creek to the north (Illustration 3.1).
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The land slopes away from a high point in the
southern half of the site. To the north the land
slopes down to the creek that is constituted as
regional parkland and is leased to the
University. The Riverina Institute of TAFE
purchased a large area of land north of the
creek for construction of their new campus
that commenced in 1999. The TAFE campus
specialises in rural and environmental training
and is being developed in accordance with
environmental objectives similar to and ‘in
harmony with Charles Sturt University’
(Response to Master Plan, 1996, p. 2).
The site was assessed with respect to existing conditions and services, topography, climate,
geology, landform, soils and vegetation, and surveyed to establish the presence of flora and
fauna, as well as sites of archaeological or historical significance. The climate is
characteristically dry and hot, with dry hot winds in the daytime and cool nights in the
summer and cold with icy winds and some frosts in winter (Appendix F).
3.1.2 Previous use of the site
Prior to European settlement, the site and surrounds, bordering the River Murray
Floodplain, comprised dry sclerophyll woodland. In the mid 1800s, the commencement of
various farming activities including viticulture, horticulture, cropping, and grazing by
sheep and cattle, led to the progressive clearing of trees and other vegetation.
Following its acquisition by the Albury-Wodonga Development Corporation in the early
1970s, until sale of the land to CSU, the land was leased for grazing sheep and cattle and
agistment for a few horses. During the ‘70s the AWDC planted some of the site with
native trees, although not consistent with species endemic to the area. High voltage
electricity supply lines traversed the site. Over the years, construction of a number of
buildings, associated road works and car parking at the southern end of the site, included
the Peter Till Environmental Laboratory, the NSW Forestry Commission Regional
Headquarters, and the Headquarters of the AWDC.
Illustration 3.1: Thurgoona site (1999)
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The majority of the site comprises pasture of variable condition. Very few native grasses
are apparent, and there is bad infestation of some areas with Patterson’s Curse and other
weeds (Illustrations 3.2-3.3).
3.1.3 Summary description of Thurgoona campus, Charles Sturt University
Initially built to house the School of Environment and Information Sciences (SEIS) and the
School of Business, the campus itself is also, in a sense, an object for the study of
environmental issues. Water management systems, landscape, roads, services,
infrastructure, academic offices, a research institute, regional herbarium, specialist teaching
facilities, lecture theatre complex, computer centre and residential accommodation were
completed in 1999 (Illustrations 3.4-3.6).
Illustration 3.2: Thurgoona site- view north (1994) Illustration 3.3: Thurgoona site- view south (1994)
Illustration 3.4: SEIS (2000) Illustration 3.5: SEIS (2000)
Illustration 3.6: CD Blake Lecture Theatre complex (2000)
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Artificial creeks and wetlands discipline the campus planning, locally native vegetation,
windmill and solar collection panels sculpt the open setting. The buildings are articulated
in rammed earth and recycled timber clearly expressing the University’s environmental
mission. Site planning commenced from the premise that the campus should ‘fit’ with the
site, rather than attempt to shape the site to a predetermined aesthetic. Establishment of
design principles, from the outset, helped structure an analysis of the design problem.
These principles were also an important starting point for explaining and negotiating the
design process to the University decision makers.
Water is one of this dry hot continent’s most
precious resources. At the Thurgoona
campus, the award winning, stormwater
recycling system, treatment of greywater in
artificial wetlands and dry composting toilets
obviate the need for connection to town
sewerage or stormwater mains (Illustration
3.7).The landscaping of the site emphasises
low maintenance and low water use. The
plants of the waterways and wetlands help
filter the water and remove nutrients.
3.2 Site Planning: 1994-1995
In February 1994 (three months before the commencement of my employment at CSU), a
special meeting of the CSU-Murray Advisory Council considered a memorandum, from the
Vice Chancellor, concerning the proposed development of the Thurgoona campus in the
period 1995-2000. The stated intention was to move all teaching from the city to the new
campus by the beginning of 1998. There were strong social and urban design reasons for
the campus to remain in town and the staff was overwhelmingly against the move to
Thurgoona. However, given Commonwealth support, the land purchase commenced.
Interestingly, the Committee agreed that the development at Thurgoona should include ‘a
special focus on achieving an environmentally innovative campus’. Unfortunately, there
was no evidence of a focus on an environmentally innovative campus in the concept plan
presented by the Site Development Consultant to the Board of Governors in March 1994
(Murray Advisory Council, Minutes of Special Meeting, 8 Feb 1994).
Illustration 3.7: Stormwater recycling wetland (1997)
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The author commenced her position with CSU as the Director of Design in May 1994. The
position was attractive to her due to the design opportunities it offered in relation to a
diversity of building types and sites. Particularly tempting was the prospect of the new
campus development at Thurgoona. The direction to ‘implement’ the services and first
building of the original site plan put the Director of Design in an awkward position to say
the least, as the plan was fraught with practical, aesthetic and environmental problems
(Illustration 3.8). The University, however, had a certain ‘investment’, both emotional and
financial, in the plans as prepared. Complicating the situation even further, was the fact
that her predecessor was the Site Development Consultant’s son.
The immediate problem was to bring some sense to bear on the campus plan before serious
erosion of the development options and opportunities occurred. There were a number of
serious shortcomings, as follows:
- lack of philosophical design basis;
- disregard of existing site conditions;
- incomplete consideration of transport issues;
- lack of attention to environmental issues;
- sketchy interpretation of functional needs to layout;
- poor definition of boundaries.
Illustration 3.8: Original site plan by Dennis Morgan (1994)
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3.2.1 Original site planning
The serious shortcomings listed led to inconsistent, patchy, and unbalanced design
objectives, illustrated by the site consultant’s description of the design as follows:
- grand and formal entrance, preferably off Shuter Ave;
- planning should assume purchase of an additional 71ha and incorporate precincts for
the principal activities of the university focused on a central court of prominent
buildings for administration, teaching and library services;
- priority to pedestrians and ease of access;
- landscape plan to include a number of water features, australian and exotic flora
species;
- heating by natural gas and evaporative cooling;
- in-ground irrigation;
- provide sport and recreation facilities;
- important to treat the perimeter of the campus;
- consideration of the type and quality of street lighting;
- accommodation for 2000 equivalent full time student units (EFTSU) by year 2000,
growing to 5000 by 2025;
- use of the existing AWDC building from January 1996 for first occupation;
- transfer all teaching to Thurgoona by 2000 (Morgan, 1994).
The design report noted that “in considering the proposal in general terms, it must be said
that the ‘style’ will probably be a compromise of architectural design”. The report goes on
to recommend four control elements, namely face brick, aluminium framed windows, tiled
pitched roofs or metal roofing for flat roofs and preformed concrete or timber interlocking
units for retaining walls.
The proposed plan appeared in the local newspaper, and in May 1994 it was presented to
the Mayor and senior executives of the Albury City Council. At this stage Ettamogah Road
bound the proposed site to the north, Old Sydney Road to the east, Thurgoona Drive and
adjacent properties to the south and a proposed extension of Shuter Ave to the west.
Negotiation of the purchase of the first 19 ha of the site was under way, and included the
AWDC headquarters building, Peter Till Laboratories, occupied by the Murray Darling
Freshwater Ecology Research Centre, and the Forestry Commission building, associated
car park and roads.
3.2.2 Site acquisition and establishment of boundaries
There was no point in making changes to the original plan as its basic structure was
seriously flawed. One of the most pressing issues was the negotiation of the boundaries, as
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finalisation of the land purchase was almost complete. There were two key drawbacks of
the proposed site boundaries. The long thin configuration of the site limited the
opportunities for northern orientation and adversely constrained the site in relation to
designing with the contours and water catchments. Adherence to the proposed boundaries
would have resulted in backyards of adjacent residential development directly flanking the
university for the whole of its western boundary. This was undesirable from a few
perspectives. The residences would block the views of the campus as a distinct identity,
thereby restricting the legibility of the campus as a prominent presence in the community.
The outlook from the campus into people’s backyards and homes would be an unfair
imposition on their privacy. A campus flanked by backyard fences may not present an
appropriate image and sense of identity to the staff and student body. It was critical to find
a strategy for presentation of alternatives that would be convincing and provide the
opportunity for dramatic change to the status quo. The strategy needed to work in a very
short time frame and in the least threatening manner.
There was immense pressure to proceed with the proposed plan and continue the
engagement of the Site Development Consultant. As early as May 1994, the advice to the
Vice-Chancellor was that the appointment of civil and electrical engineers to work on the
development of the proposed plan was imminent. The Director of Design’s determination
to present an alternative led by necessity to a very quick site analysis process. The analysis,
largely limited to site information available from the AWDC, was supplemented by local
knowledge gathered from coincidental contact with people familiar with the site. Location
of the AWDC headquarters building in the town centre reflected their commitment to the
designation of the site as a future town centre, as previously mentioned. This building,
amongst others, formed part of the initial purchase of land from the AWDC (Illustration
3.9). Construction of the building designed by Harry Leong of the former Department of
Housing and Construction in the 1970’s marked the commencement of the new town
centre. The centre, however, failed to attract
interest, and the pace of residential
development did not meet expectations.
Subsequently, the opportunity arose for the
University to acquire the relatively large land
holding in Thurgoona with the existing office
Building. The presence of a substantial
Illustration 3.9: AWDC Building (1994)
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building permitted immediate occupation of the site. The office building is typical of
government office blocks of the period, comprising large open plan floors.
The existing Thurgoona Structure Plan reflected the earlier plans for the site as a town
centre and was obviously in need of serious revision.
A series of meetings with the Council and AWDC took place to advance the planning of
the campus and to identify site boundaries and development conditions, establish the
approval process, and examine the implications for the Thurgoona Structure Plan.
There were a number of issues related to the outdated plan that needed resolution to permit
university and TAFE campus planning to proceed:
- location of mixed use commercial centre;
- integration of the university with surrounding community;
- access to proposed freeway and relationship with entry to campus;
- identification of services and roads.
The Council did not support the extension of Shuter Ave for access to the campus which
had been proposed in the original plan. This determination provided one opening to
reassess the site boundaries and planning.
There was no firm commitment by Pacific Power, the electricity supply authority, to the
proposed relocation of 132 KV power lines. Subsequently, an Environmental Impact
Statement proceeded and by the end of 1996 Pacific Power agreed to the relocation.
The Council agreed to a streamlined approval process involving submission of an overall
site plan for ‘approval in principle’ to form the basis of future applications. This proved to
be an important and far sighted step for Council to take, as it resulted in approval of the
environmental design principles and concepts in a ‘global' sense, without the need to revisit
the somewhat controversial issues for each development approval.
A series of ‘working party’ meetings with the Council and AWDC resulted in the
negotiation of the final boundaries. The decision on the boundaries centred on the
University’s desire for the campus to reinforce the cultural image of the University as an
independent and substantial institution with a strong connection to the community.
Definition of the site by the creek to the north, and major roads in other directions,
contributed to this objective by setting the university in a clearly identified patch, with
good visual presence from surrounding areas. Work was sufficiently advanced on site
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analysis to indicate that a revision of the boundaries was necessary to better support an
environmentally sensitive design approach. In keeping with the program for land
acquisition, proposed revision of the Thurgoona Structure Plan, and occupation of the site
for commencement of the academic year 1996, it was necessary to finalise the site plan by
September 1994 (Illustration 3.10).
To go into depth on the inadequacies of the proposed plan is not productive in advancing
this thesis, nor was it politic at the time, in terms of overturning it. However, it is
interesting to examine the project’s initiation phase, as it was critical to the future
development of the site in some key respects, namely the following:
- early involvement of staff in decision making processes;
- establishment of the environmental objectives as the major determinants for
development of the site.
3.2.3 Staff participation
The Head of the School of Environmental and Information Sciences (SEIS) expressed his
disappointment in the original site plan due to the lack of integration with the landscape,
dearth of environmental consciousness, and omission of an environmental study area (De
Lacy, 14 Aug 1997). The School’s active support of the Director of Design’s site plan,
alteration of the site boundaries and negotiation for the establishment of an environmental
study area was significant in gaining the support of University decision makers.
Regional parkland
Negotiation with the Regional Parks Committee on the designation of the creek area as part
of the network of regional parkland was also under way. Later TAFE re-negotiated the
purchased the land to the north of the creek taking the opportunity to establish an
educational precinct. There had been a risk that the AWDC would zone this land for
residential use which would fracture the continuity of the potential educational precinct.
Support of the SEIS was instrumental in the establishment of Regional Parkland.
Opposition to the parkland stemmed from a lack of recognition of the benefits to the
University and the belief that the maintenance cost to the University would be high.
Initially the School worked with me to develop the concept of an Environmental Study
Area, in the area of what later became Regional Parkland. The establishment of this Study
Area centred on educational, ecological, aesthetic, social, and financial benefits.
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Illustration 3.10: Author’s site plan (1994)
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Environmental study area
The Study Area was the first integrated planning proposal with the School that developed
as a consequence of a participatory planning process. The Study Area comprises the
Regional Parkland around the creek for use by students in ecology, vegetation, wildlife,
design, interpretation and ecotourism for practical studies.
The Study Area has another important function as a natural boundary to the north of the
site. As such, it provides opportunities for interface with TAFE that came into its own
when, a few years later, TAFE far sightedly renegotiated its southern boundary to be the
Regional Parkland. The odd thing about all these decisions about site and boundary
locations is that the initiatives came from a few individuals outside the planning authorities
and without planning qualifications, and led to a fortuitous outcome which reinforces the
need to persist with good ideas despite the ‘expert advice’. Throughout the negotiations
various obstacles were presented by the planning authority, many of which appeared to be
related to conflicts in its agenda as a land developer.
The AWDC wanted to maximise potential residential land along the major arterial, and
therefore was reluctant to agree to a CSU boundary along Elizabeth Mitchell Drive.
Likewise there was a desire to use land north of the creek for residential purposes, and
therefore a hesitation about TAFE’s proposed boundary changes to provide a contiguous
educational precinct. Furthermore, the timely construction of an extension of Elizabeth
Mitchell Drive, that would suit the development of the TAFE site and allow access from
Elizabeth Mitchell Drive, was resisted. The key reasons that the extension of Elizabeth
Mitchell Drive was problematic to the AWDC related to the high cost of the road
development prior to potential for pay back from adjoining land sales. The proposed CSU
and TAFE boundaries along Elizabeth Mitchell Drive reduced the potential return from
sale of prime land with frontage to this major road.
Teaching laboratory
The concept of the campus as a teaching and research laboratory developed. The
University is ideally placed to trial some of the more recent innovations in resource
management in built-up environments. Initiation and rigorous evaluation of pilot projects
by postgraduate students and staff, and utilisation of ecosystems and biota that are present
on the campus by undergraduate courses, demonstrate the usefulness of the teaching
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laboratory. Moreover, an innovative and stimulating living and working environment
would enrich everyone at the University.
3.2.4 Establishment of principles and values
From the outset, a key concern of the Advisory Committee was to ensure an
environmentally sensitive development. As we have begun to see, principles to guide
development of the site were established for planning purposes at the commencement of
the design process for the new campus. The principles and values adopted by the Advisory
Committee are shown in Figure 3.1.
FIGURE 3.1 Environmental design principles and values
A. Principles
PROJECT REQUIREMENTS AND LIMITATIONS ENVIRONMENTAL CONSIDERATIONS
User requirements
Climatic characteristics
Site conditions
Development controls
Low energy consumption
Resource management
Environmental impact
B. Values
CONTEXT CONTRIBUTION OF BUILDINGS
TO ENVIRONMENTAL PROBLEMS
History/ cultural change
Architectural design practice/ role/ consequence
Environmental ethics
Environmental policies
Building standards and codes
Environmental impact
Conventional building design/ construction/ delivery
methods/ management/ research and development
Financial cost
Elaboration of these principles throughout the design process fleshed out more specific
design criteria. At this stage, the principles were very useful, albeit in a condensed form, to
present to the key decision makers. They were the start of an explanatory process of
leading people from the design philosophy through to the outcomes.
3.2.5 Site planning concept
Consideration of the existing site conditions including services, vegetation, drainage,
topography, climate, geology, and soil conditions shaped the site planning. Basically, the
plan evolved from some comprehensive thinking about the environmental framework and
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the organisational requirements of a campus in relation to an analysis of overlays of the
existing conditions (Illustrations 3.11-3.16).
The patterns of natural drainage, existing dams and creek beds largely determined the water
management system. Roads and services follow the contours of the site, punctuated by
existing trees. Access to sun and breezes, suitability of slope and soil conditions, and
vegetation prescribed characteristics, such as building form and heights, that contributed to
the determination of precincts for particular building types. Early decisions favouring
passive techniques and water conservation were critical in developing the site plan
(Illustration 3.17).
The University required a separation between academic offices and teaching space to
provide flexibility in use of offices. This reflects the need for staff to remain as an
integrated group, despite potential changes in the balance of staff related to particular
facilities. Two storey faculty offices, sited behind single storey teaching spaces, made
sense in relation to solar access, the percentage of office to teaching space typical of
university campuses, and the desire to create a close-knit relationship amongst staff and
with students. The provision of individual offices inherently required a long thin building
form, which only suited the northern slopes of the site. The limitation of office buildings
to two storeys, their spacing for solar access and interconnection with ramps between levels
contributes to an urban form that is pleasantly open, but strongly united. The residential
buildings, more flexible in plan form, and of a potentially smaller footprint, fell into place
on the steeper, treed, southern slopes. The hub of the campus, containing the larger
buildings, more frequently accessed by all students and the public, logically formed the
nexus of these precincts.
The eastern edge of the site, heavily planted and terminated to the south by a large office
building purchased with the site, is the administration and services backbone to the
campus. The existing building, originally designed with large floor templates for open plan
work arrangements is a fully air conditioned, energy monster. Currently used as a staging
post for shifting people from the existing city campus in Albury, it ultimately will house
the administrative functions.
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Illustration 3.11: Existing conditions
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Illustration 3.12: Services
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Illustration 3.13: Slope
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Illustration 3.14: Topography
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llustration 3.15: Vegetation
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Illustration 3.16: Geology, landform, soils
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Illustration 3.17: Author's Site Plan (2003)
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Precincts
The distinct precincts of the campus plan accommodate faculty, teaching, library,
information technology, student, sports, child care, administration, and car parking
functions. A level pedestrian spine interconnects the precincts, through a series of
courtyards, and provides an important spatial organisational element for movement through
the campus. There is a clearly defined hierarchy of vehicular and pedestrian movement
through and around the campus. Secondary pedestrian paths radiate from this spine to
connect the building entries with the main spine and the car parks. The landscape concept
for the main spine is to plant an arboretum of parkland trees forming an interpretative trail
through the campus. Secondary courtyards, at the intersection of the spine and the natural
drainage system, supplement the arboretum with scenographic gardens. These gardens
serve as information nodes to the interpretive trails and the ‘living’ herbarium planted
along the natural drainage lines.
Core Precinct
The main entry leads directly to the key lecture facilities, library/resource centre,
information technology building, and student union. This hub provides an interface
between the public arrival point and the academic and residential precincts. The focal
point for this hub is a formal, classically proportioned courtyard space that intersects with
the pedestrian spine.
Faculty precincts
The inner ring, defined by the pedestrian spine, forms the faculty precinct that is the home
of academic staff and postgraduate offices and some small group tutorial spaces. The outer
ring forms the teaching precinct that accommodates lecture theatres, tutorial rooms, and
specialised teaching spaces.
Residential precinct
The residential precinct, fully integrated with the main pedestrian spine, is to the south of
the main hub. The residential precinct is a student orientated space designed to foster
cultural and social experiences- a place to play and work.
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Historical sites
Several historically and archaeologically interesting sites have been identified for
preservation and research.
Educational and research precincts
Opportunities and some specific projects are identified for recreation and eco-tourism,
vegetation and fire management, archaeology, wetland studies, catchment management and
management planning.
Water Management
Particular attention was paid to the management of water resources on the campus. The
guiding principles were to minimise waste and pollution of the resource and maximise its
holistic use and potential reuse.
The stormwater recycling system, treatment of grey water in artificial wetlands and dry
composting toilets obviate the need for connection to town sewerage or stormwater mains.
The wind and solar powered, recirculating stormwater system draws its inspiration from
nature (Illustration 3.18). The moving water prevents the creation of mosquito breeding
Illustration 3.18: Stormwater recycling system
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grounds and creates important wildlife habitats. No water is wasted; tanks store rainwater
collected from the roofs of all the buildings. Grey water cleansing uses artificial wetlands
for treatment and aeration with final disposal by sub-surface irrigation. The landscaping of
the site emphasises soil conservation practices, low maintenance and minimal water use.
The native plants of the waterways and wetlands help filter the water and remove nutrients.
The potential for grey water reuse, possibly for flushing toilets, was discussed, and only a
passing reference to the advantages of composting toilets was made to the Board at this
stage.
Roads and services
The main entrance to the Campus is a road off the extension to Elizabeth Mitchell Drive,
sweeping in a gentle curve to a symbolic front gate framed by the Library and the Student
Union (Illustration 3.19).
The road system provides safe and convenient access to the buildings for students, staff and
visitors. Vehicular access is discrete from the pedestrian system, but still ensures parking
in proximity to every building cluster. The one-way, upper loop road serves the faculty
precinct and adjacent car parks terraced into the hill (Illustration 3.20). The lower loop
road provides a clearly articulated street front address to the facilities most frequented by
students and the public. Therefore, convenience, rather than policing, determines the usage
of the roads and car parks.
The roads, services, and pedestrian system align and are in the form of ring mains
comprising the upper loop road, the pedestrian spine, and the lower loop road. Secondary
spokes distribute services to building clusters and also align with the pedestrian access
routes to form vistas through the site.
Illustration 3.20: Car park terraced into hill (1999)Illustration 3.19: Entry Road (2000)
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Road widths are at a minimum and hard surfaced to reduce maintenance. Porous surfaces,
although initially considered more ecologically sound, have significant maintenance
implications. Harvesting of all water for reuse on-site mitigates some of the environmental
concerns with hard paving. Rock lined fords where the swales cross the roads, not only
provide for the water to flow across the road, but slow traffic and remind the visitors and
campus community of the water management initiatives.
3.2.6 Presentation and approval
Presentation of the principles and planning outcomes described above was at a series of
meetings with staff, Advisory Council (Murray Advisory Council Minutes, 13 September
1994), Board of Governors and local authorities. The form of presentation was designed to
lead people through the design process in a relatively simple fashion. The starting point
was reference to government policy for sustainable development. Discussion of the
contribution of building development to environmental degradation emphasised the
importance of an all inclusive approach to deal with the far flung net of environmental
effects, project requirements and relationship with the site. The Director of Design (the
architect) was careful to steer clear of more emotive terminology, such as ‘holistic’ or
‘natural’, not wanting to alienate audiences that may not empathise with a ‘nuts and
berries’ approach. However, they were impassioned presentations that did not shy away
from demanding that people take responsibility for the continued destruction of our planet.
A separate presentation of the European study tour buildings was given by the architect
which instilled confidence in the approach being proposed.
Explanation of the logical development of principles and values and their application to the
project gave people a framework for decision making about the design. Illustration of the
design process, in much the same way as the architect had thought it through, led to a
general understanding and acceptance of the site planning. A series of plans portrayed the
key features of the site as layers of information relevant to resolution of the design
problem. The interpretation of the various layers, their overlaps and interrelatedness
resulted in the creation of a series of site development options. Evaluation of the options
led to the selection of the preferred site plan.
At this stage, the architect did not enter into much discussion on the detailed nature and
extent of the influence that adoption of these principles would play in shaping the built
form. However, elaboration of the principles formed design criteria that were accepted as
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the basis for further development. It was more time critical to obtain approval to the site
plan and not cloud the issue with imagined visions of alternative building construction.
By September 1994, the design principles and new campus plans were well accepted by the
Advisory Committee and Board of Governors. The development of the new campus of
Charles Sturt University at Thurgoona, Albury, was to proceed on an integrated,
comprehensive basis in an environmentally sensitive way and with respect to principles of
passive energy design.
As the plans developed, support strengthened. The Advisory Council wrote to the Vice-
Chancellor in support of ‘innovative work in relation to the development of the campus’
(Murray Advisory Council Minutes, 16 May 1995). The Head, SEIS and Director of the
Johnstone Centre wrote to the Vice-Chancellor to emphasise that an ecologically
sustainable campus was ‘the marvellous opportunity to make a bold statement about the
future directions of our society’ as well as a significant marketing opportunity (De Lacy
Memo, 13 June, 1995). The Dean, Faculty of Science and Agriculture wrote to the Vice-
Chancellor impressing upon him the view that we should not miss the opportunity ‘to have
a novel ecologically-sensitive campus’ (Pratley Memo 19 June 1995). In August 1995 the
Board of Governors approved the site plans of the new Thurgoona Campus and concept
plans for the SEIS and the plans were formally presented to the Albury City Council
(Illustration 3.21).
3.2.7 Brief preparation
Works programmed for 1995 comprised renovation of the former AWDC building to
accommodate administration, library, and SEIS, and a new building to serve as a temporary
student union and servicing of the new campus.
The architect was unprepared for the relative absence of design briefs and the disregard by
the University for their potential usefulness. There were however, a number of unwritten
polices. Space allocation of 10.5m² for academic offices and 20m² for Deans and
Executive Directors was generally consistent across all campuses in new buildings. Cream
brick and tiled roofs, brown carpet and peach walls was the accepted aesthetic at Wagga
Wagga campus. The Bathurst campus was a mixed bag of architectural styles. The
separation of academic office buildings, lecture theatres and teaching facilities, student
facilities, etc. in single purpose precincts was the foundation of site planning at Wagga
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Wagga. Extension of this accepted pattern of development to the Thurgoona campus was
the predominant view.
User committees, if formed, were composed typically of only the most senior staff and
operated almost as a concession to the ‘temperamental’ nature of academic staff. Many
people expressed surprise when the architect started up user committees on a consultative,
and even participatory basis. The reality was that toleration of this behaviour by the
University provided a means of placating staff and that all real decision making was in the
hands of the VC. In many ways, the situation of a ‘benevolent dictator’ worked effectively.
The Vice-Chancellor’s strong vision for CSU, a new university under the Dawkins’ plan,
led to many innovative courses and positioned the University well in the highly competitive
education ‘market’. The Vice-Chancellor’s support has been a key component of the
continuation of the green philosophy for the planning and development of the Thurgoona
campus.
Illustration 3.21: Border Mail article (Jones, 1995, p. 1,2)
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3.2.8 Acceptance of a green campus
In March 1995, planning of the first building, the Student Pavilion commenced, followed
by documentation of the stormwater system in November 1995.
Although the notion of a ‘green campus’ had been accepted, the problem remained of what
did that mean (in addition to what is spelt out above), not only to the architect, but to
others. Differing perceptions of the appropriate interpretation of the stated green agenda
now created significant problems for the plan’s gaining acceptance. Why had people been
able to embrace the concept, but not the detail as it developed?
In May and June 1995 letters of support for the ecologically sensitive campus plans came
from the Advisory Council, Head of School, and Dean of the Faculty of Science and
Agriculture to the Vice Chancellor. Time was closing in, still no consultants had been
engaged for the ‘site services’ mainly due to the uncertainty of the Executive Director of
University Properties, supposedly concerning the detail of the concept.
In July, the ideas from the School on use of the campus started to flow in. At this stage
David Mitchell, Professorial Associate, and Judy Frankenberg, plant ecologist at the
Murray Darling Freshwater Research Centre, both destined to become consultants on the
project, became involved in the development of the campus. The architect had had several
meetings with David Mitchell, who had been tremendously helpful, but it was important to
obtain the necessary specialist input to advance beyond the concept stage. In November
1995, Department of Land and Water Conservation produced a report that analysed the
stormwater runoff from the campus (Harding, Investigation of Stormwater Drainage,
November 1995).
Serious doubts were still being raised about the wisdom of the ‘green’ campus
development. Shortly before the Executive Director of University Properties was due to
retire, he sent a memo to the Vice-Chancellor questioning the use of rammed earth and
solar hydronic heating systems (Biddle Memo, 15 Nov 1995). The suggestion was that the
architect would need to present a case for the continuation of the use of rammed earth to
the Vice Chancellor and others in March 1995, prior to any further design work. (The
memo supported the stormwater reticulation proposal as this measure was recognised as
reducing future operating costs and beautifying the campus.) The concerns centred on the
following:
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- maintenance of rammed earth and timber framed windows;
- flexibility in terms of future power points, etc, compared to cavity brick construction;
- load bearing capacity of rammed earth to add second and third storeys without
additional structure;
- replacement time on the solar panels.
In November the forward works program for building construction at Thurgoona campus
was determined as a 2x40 place academic office block for the Schools of Environmental
and Information Science and Business and a complex comprising a 200-250 seat lecture
theatre and 400m² of flat floored teaching space for lectures, mapping, computer study, etc.
(Blake, 24 Nov 1995). It was further determined that over time the former AWDC
building may be developed as an Interactive Learning Centre or if not to become the
administration centre. Interestingly, this memo made no mention of the issues raised
regarding the use of rammed earth, timber and solar systems.
A number of options were considered and the building requirements were fine tuned to
better meet the specific needs of the Schools, Open Learning Institute, Library and Division
of Information Technology. The agreed development option involved new office
accommodation for the SEIS, location of the School of Business in the former AWDC
building in the space vacated by the SEIS, Mapping Room, Lecture Theatre, Teaching
Rooms, Information Technology (IT) Network Hub and toilets. The use of rammed earth
was rejected for the main buildings on the campus (Blake Memo, 5 Dec 1995).
3.3 The site (Stage 1): 1995-1996
Amid increasing uncertainty surrounding acceptance of the policy level decision making
regarding the role of environmental considerations in design of the new campus, three key
projects commenced. These were the mains servicing and roads, stormwater management
systems, and the Student Pavilion.
A series of feasibility studies were undertaken to confirm the earlier design work that had
advanced without the input of appropriate consultants.
On the recommendation of the Vice-Chancellor, The Board of Governors (BG) finally
approved the construction of site services and the use of rammed earth construction (BG
96/167 and BG/168, Board of Governors Minutes 13 August, 1996) as described and
documented in the draft report Thurgoona Site Planning (Webster-Mannison, 1995).
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3.3.1 Roads and services
Feasibility
In mid March 1996, a brief was issued to a local civil engineering and surveying firm to
undertake a feasibility study of the integrated planning of services, roads and car parking.
In parallel with this report a feasibility study of the provision of electrical services was
undertaken by a local consultant and the communications and data requirements were
examined by the University’s Division of Information Technology.
The feasibility report by traditional engineers was important at this stage to give
mainstream credibility to the concept and to validate early design assumptions about roads
and servicing.
The briefs placed a strong emphasis on sensitive environmental planning, development,
construction, an integrated site planning approach, and sustainable maintenance, and the
approved site plans formed the starting point for design development.
The time frame for the feasibility study was too short. The reasonably large firm of civil
consultants had a strong commitment to the environmental objectives of the University and
wanted to provide a satisfactory service. However, the brief only allowed six weeks for the
feasibility study, and that stretched another six weeks before submission of the report.
Information was forthcoming throughout the process which minimised the impact of the
extended program (Webster-Mannison, 1996). The approach to servicing generally was to
use ring mains following the inner (higher) service road for electrical, data, gas and water
supply, and the outer (lower) access road for sewerage.
During the course of the feasibility study, the first formal approaches to Council and
Department of Land and Water were made to establish their attitudes to pursuing greywater
treatment and composting toilets. Fortunately both bodies were very supportive, raising no
objections. The Council encouraged sustainable reuse of water, noted the potential
research benefits and highlighted the approval process requiring compliance with the
requirements of the Health Department, Department of Land and Water Conservation, and
the Environmental Protection Agency.
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Roads
Stage 1 involved the establishment of the proposed inner ring road and the car park closest
to the Stage One buildings. The proposal needed to be consistent with the design and
location of the services and the stormwater management system including waterways,
reservoirs, wetlands, and landscaping.
The road width was determined at the minimum of 4 metres road pavement and an
additional 0.5 metre side clearance for fire vehicle access (Illustration 3.22). The pavement
design was for a 20 tonne vehicle. The basis of the final 4.5 metre road was the 3.5 metre
access for vehicles, assuming about 300 vehicles per day, and 1 metre for cyclists sharing
the road (Esler, 14 June 1996). The kerb type is a formed invert on the low side of the one
way cross fall road pavement with the high side restrained by a flush concrete plinth.
Allowance for the swales that traverse the road is by the provision of rock lined fords
(Illustration 3.23). This allows for the continuous passage of water along the drainage
swales, as well as slowing traffic. The selected flat rocks are set in concrete, to support the
vehicle wheels and to allow the water to flow between them. The fords are a visual
reminder of the green nature of the campus to the visitor or occupant.
The road and car park drain to grass swales that connect to main swales. Harvesting of
stormwater water from the impervious surfaces increases the amount of water available for
reuse. The initial planning was for permeable road and car park surfaces, to maximise the
absorption of stormwater. However, University concerns with ongoing maintenance costs
precluded the advancement of this concept.
Illustration 3.23: Rock lined ford (2003)Illustration 3.22: Solar street lights (2001)
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Street lighting
The street lighting is ‘off the shelf’ solar powered street lights. A cost benefit study that
compared the cost of reticulating low voltage power around the road network, battery
replacement, maintenance and operational energy demonstrated that the solar lighting was
cost effective.
Service Corridor
Consideration of the size and location of the service corridors was in terms of the long term
functional infrastructure requirements. Location of the annular six metre wide corridor is
on the outside edge of the upper loop road and inside edge of the lower loop road.
Definition of the edges of the corridors is by the kerb or edge plinth. The service corridors
‘rings’ are then connected with a 6 metre wide ‘spoke’ through the centre of each building
cluster. The 6 m wide service corridor allows for separate trenching, standard in ground
installation with the appropriate separation and cover of high voltage electricity, data
communications conduits, gas main, water main, grey water main and fire service
(Illustration 3.24). A 3 metre zone around each of the buildings is generally provided for
specific building related services.
These distances, combined with the minimum 12 metres between buildings approximately
required to maintain solar access, formed the basis of the separation between the upper and
lower loop roads. This rationale was consistent with the intimate urban design intent, the
need to minimise expenditure and conserve resources and provide for a logical pattern for
future expansion. Future expansion of buildings and services is a notion of ever increasing
loops stepping down the hill and springing from the established core.
Illustration 3.24: Service corridor
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Survey reference markers
Survey reference and services markers are located at the ‘top’ and
‘bottom’ of each annular services corridor where it meets the
roads (Illustration 3.25). A permanent survey reference point is
embedded in concrete at the base of recycled hardwood posts,
and plaques denote the distance to underground services.
Gas supply
The level of gas supply was difficult to determine, as the future building design was
unknown. The assumption was made that the major demand for gas would be for heating
the buildings.
The gas supply was provided by a 50mm diameter main in the service corridor along the
upper loop road with radial servicing to the building clusters.
Electricity Supply
The estimated loads were determined on the basis of a ‘typical’ building cluster. The
‘typical’ pattern of development described for the Stage One buildings comprised a mix of
single storey specialist teaching buildings and two storey office buildings. These loads
were also checked against the requirements of two-storey development around the main
courtyard comprising lecture theatres, general teaching space, library, information
technology facilities, and student union.
Due to the long distances, a low voltage supply from a single substation was not practical.
A staged development with high voltage supply main located in the service corridor
following the upper loop road and feeding a substation within each building cluster was
determined as the most flexible and economic (Pill, 9 April 1996, p. 2). A 22000-volt ring
main was installed to supply two 500 kVA substations located in the Stage One and main
courtyard clusters. The substations are kiosk types and a rammed earth shelter that helps to
screen the substation encloses the main distribution board. The design of the distribution
boards provides for future connection of photovoltaic or other site power production.
Illustration 3.25: Survey
reference markers (2003)
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The system has flexibility in maintenance and operation. The closed loop system allows
isolation of sections of the system without affecting other parts as well as the staged
installation of substations in future building clusters as required.
Data/Communications
Reliability and flexibility of the data network were extremely important. Selection of a
central location, based on the long-term campus development plan, for the data and
communications hub was the most economic and sensible. The hub was planned to contain
the main network hardware, PABX for the campus and the Building Management Systems
(BMS). The building was located on the edge of the main courtyard.
Design of the network was in house by Phil Sefton, Network Manager, CSU, and
comprised a fibre optic backbone with fibre
star links from each building to the hub.
The central location for the hub also provides
an interesting architectural opportunity to
display the information technology core of the
campus and provide an edge to the main
courtyard long before a major building would
occupy that space (Illustration 3.26).
3.3.2 Water management
Water supply
Given the water reduction measures foreseen for the campus and the stormwater recycling
for irrigation purposes, the demand for potable water is very low. Therefore the primary
determinant of the water supply requirements was the provision of water for fire fighting
purposes.
The preferred option for water supply was using ring mains to eliminate dead pockets at the
end of pipes and to ensure delivery with uniform pressure. The staged provision of a 150
mm diameter pipe within the service corridor along the upper loop road feeds radial mains
looped through the clusters of proposed buildings.
Illustration 3.26: Information technology hub (2001)
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The collection of roof water was not satisfactory as a potable supply to the University or
public authorities. The main concern was the potential for contamination from coliform
bacteria from bird faeces that may be present on the roof.
Furthermore, the use of the supply reservoirs for fire fighting purposes was not acceptable
to the authorities due to the inability of the University to guarantee that the reservoirs could
meet the demand.
Greywater treatment and composting toilets.
The site could be serviced by sewerage mains connecting to the extension of an existing
sewer off site, however the cost was fairly high. The cost of a sewer connection was
estimated at $94,000 and the cost of three greywater treatment systems was considered to
be somewhat less (Esler, 14 June 1996, p. 9). However, the extra cost of composting toilet
units and associated basement area was high, probably comparable to the cost of sewerage.
Another perceived disadvantage was the cost of maintenance and operation of the
greywater and composting toilet systems.
3.3.3 Participatory planning
Community involvement
The Continuing Education Centre, Wodonga, in partnership with the Envirocare Training
Company received funding to run a Landcare Environmental Action Program (LEAP)
through the Department of Employment Education and Training. The University was
invited to submit a project, and the LEAP students became involved in the campus
development in August 1996. The Leap
students contributed labour to three projects:
erosion control of the stormwater system,
fencing, and construction of the amphitheatre
at the Student Pavilion (Illustration 3.27).
Further LEAP participation was proposed,
however the new coalition government
discontinued the LEAP program.
Community groups in Albury-Wodonga joined in planning special gardens that reflect the
multi-cultural diversity of the region. The aim of the Botanica Cultura gardens was to
Illustration 3.27: Construction of stormwater system
(1996)
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represent the culturally diverse population of the region and to provide an environment that
encourages and supports the celebration of this resident cultural diversity. Unfortunately,
following a successful community based design project, the funding for implementation
was not forthcoming.
Staff and student involvement
The Environmental Study Area was the first integrated planning proposal with the School
of Environmental and Information Sciences (SEIS) to develop as a direct consequence of
the participatory planning process. Staff conceived the study area as a regeneration project
for use by students in ecology, vegetation, wildlife, design, interpretation, and ecotourism.
In 1995 The Johnstone Centre for Parks, Recreation and Heritage was commissioned to
prepare archaeological and historical site surveys to assess the presence of features of
historical or archaeological interest which should be protected from development, or
incorporated in the site planning as educational areas. The surveys were conducted by Dirk
Spennemann of the SEIS and a group of students of the Bachelor Applied Science (Parks,
Recreation and Heritage). The findings were made in close consultation with the Albury
and District Aboriginal Land Council and a member of the Albury Local Land Council was
always on site during the investigation (Spennemann, 1995, p. 2). Several sites were fenced
off as a consequence of the studies, but the University did not fund the conservation studies
recommended by the report.
An abandoned house was identified in a study of historic sites which recommended that a
conservation assessment, and the identification and mapping of the plants in the garden be
undertaken as a matter of urgency (Spennemann, 1995). Later in 1995 a student was
commissioned to undertake a study of the historic farmhouse on the site. The house was
constructed either in the late 19th or early 20th century and has undergone a number of
modifications (Durrant, 1995, p.19). A record of the house was important as the University
intended to demolish it (p.1), and although the house still stands, there has been no further
assessment or identification and mapping of the plants and farmyards.
In January 1996 two students were commissioned to undertake a flora and fauna study. The
purpose was to provide information about the fauna and flora existing on the site before
construction to determine whether development would have any significant effect on the
environment of protected fauna, and also to provide baseline data for future monitoring
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surveys of the site. The report made a series of recommendations that may lay the
groundwork for the future development of the site and can be summarised as follows:
- minimisation of disturbance to the trees planted in the 1970s and restriction of
construction to the open farmland as much as possible;
- appropriate understorey planting of the trees planted in the 1970s;
- construction of wetlands with significant shallow areas;
- ongoing monitoring of the flora and fauna;
- eradication of feral animals and weeds (King & Asmus, 1996, pp. 27, 28).
The site planning takes into account the recommendations regarding tree protection and the
construction of wetlands. The Environmental Management Plan (Harrison & Mitchell,
2001) integrates all the recommendations into a more detailed management strategy.
3.4 Stormwater and landscape: 1995-1996
Site planning and building design in relation to water management were both conditioned
by the environmentally sensitive design philosophy that underlay their development (see
Figure 3.2 for summary of the principles and design criteria). A total water harvesting
strategy was implemented in all design works with the storm water recycling system
completed in the first half of 1996. The treatment of grey water in artificial wetlands
completed in 1998 and the use of dry composting toilets for all buildings subsequent to the
Student Pavilion obviates the need for connection to town sewerage.
3.4.1 Design process
Brief preparation and concept planning
The brief was to assist in the development of an integrated landscape and waste water
system, and to provide for appropriate treatment and storage, in order to enable reuse of
stormwater run-off on site.
Specifically the brief required contract documentation and supervision for the
environmental systems for stormwater and planting for Stage 1 of the site and an area
adjacent to the Student Pavilion. The provision of a maintenance strategy and schedule to
ensure the long term integrity of the site was also included.
The stated aims for the development of the landscaping, water management, and vegetation
establishment planning were as follows:
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- to develop an environmentally sensitive campus, in conformity with the aims of the
university and the objectives of the Johnstone Centre to provide opportunities for
education and research within the layout of the campus;
- to develop plans for an integrated landscape with respect to vegetation, management of
catchment run-off, and land use of the site;
- to provide plans for the vegetation planting on the campus and to assist in the selection
of the species to be planted;
- to design and locate waterways, reservoirs and wetlands that will provide for treatment,
storage and recycling of stormwater run-off and other waste water as appropriate.
The concept site plan, at this stage, represented a process of consultation with users, as well
as a resolution of the planning requirements that took into consideration environmentally
sensitive design principles, as previously described. The concept design of the stormwater
management system specifically included the following:
- supply reservoirs located at top of hill, filled by pumping, via a windmill, of cleansed
water from retention basins, for recycling by gravity feed for irrigation of the campus
and release into the top of the system for recirculation
- artificial creeks for transferring water collected from diversion banks and built up areas,
to retention ponds
- filtration ponds, plantings, water features for cleansing water located along the artificial
creeks
- retention basins for storing water.
Refinement of the site plan was required to incorporate more detail on the proposed
buildings, services, landscaping, water management, and vegetation establishment.
The design criteria established, at this stage, for the water management consultancy were as
follows:
- The designs will be in accordance with the wishes of the University and the Johnstone
Centre, where relevant. They will conform to the directions and principles set out by
the architect making environmentally sensitive decisions in the design of the Campus.
- The consultants will work closely with other groups involved with development of the
site, as identified by the University.
- The overriding criterion must be ecological sustainability, so that, for example, all
waste water will be treated and re-used on the site. This will require the design of a
suitable set of ponds, streams and swales making use of both soft and hard surfaces and
incorporating appropriate vegetation.
- The consultants will take into account locational factors, environmental impacts on the
site, transport needs and external responses.
- The first road must give access to the first building and be a one-way loop of
environmentally sensitive design and surface material.
- Every effort must be made to feature best practice and innovative design for
recreational/interpretive use of the campus grounds. Part of the planned development
of the site is as an ecotourism site with interpretive aids, and as an orienteering site.
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- Landscaping is to retain most of the existing trees, provide screening from prevailing
winds and promote cross ventilation of the buildings. Predominantly native plant
species are to be used to minimise the need for irrigation and grass areas will also make
use of native species. The selection of these species will be carried out in consultation
with appropriate personnel of the Johnstone Centre.
- Extensive liaison with all parties involved in the development of the site, as identified
earlier, will be an ongoing feature of all phases of the work.
The scope of work detailed included top supply reservoirs, waterways, in-stream treatment
ponds, erosion control, integration with roads and services, diversion banks to harvest
water from undeveloped areas of the site, retention basins, and recirculation system.
Initially the design of constructed wetlands for the treatment of grey water was included but
subsequently determined to be beyond the scope of the brief, particularly given the short
time frame for completion and the magnitude of the approval processes required by the
authorities.
Selection of consultants
In mid November 1995 CFM Consulting was engaged to undertake the design of the first
stage of water management systems.
CFM was a consulting group formed for the project by Susan Campbell, a local landscape
architect, Judy Frankenberg, a plant ecologist from the Murray Darling Freshwater Centre,
and David Mitchell, Professorial Associate in Aquatic Biology, CSU.
The Department of Land and Water Conservation was engaged to prepare tender
documentation for the stormwater management systems. A review of the expertise of the
local consultants determined that they had the most developed requisite skill and
experience, albeit largely dam construction on farms. The DLWC had also provided earlier
advice on the potential for the stormwater system and offered an extremely cost
competitive service as part of a program of community service.
Esler and Associates, a local surveying and civil engineering firm, already extensively
engaged for site surveys and roads and services documentation, was engaged to document
and supervise the installation of the windmill and solar pump. Coffey Partners International
was engaged to prepare the geotechnical report.
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Documentation of stormwater system
To some extent, the basis of the documentation of the works was guesswork. There were
so many unknowns in terms of the nature, speed, and management of future development.
Survey information came from a variety of sources and varied in accuracy and detail. The
Department of Land and Water Conservation carried out a detailed topographic survey of
the areas where the actual works would be situated. The basis of surface run-off
calculations for the site was the average rainfall of 700 mm and a 1 in 10 wet year of about
1000 mm (Dept. of Land and Water Conservation, 1995). The likely volume of water
storage was then calculated based on a fully developed campus for 5000 students with no
collection of roof water.
The site was divided into seven sub-catchments. Initial development of the campus will
involve three of these sub-catchments. Sub-catchment 1, in the southwest corner, contains
the residential precinct and has a predicted average yield of 7.5 ML and a 1 in 10-year yield
of 11 ML. Sub catchments 3 and 4, to the north west and north respectively, contain the
core and academic precincts and have a total predicted average annual yield of 42.7 ML
and a 1 in 10 year yield of 61 ML (Dept. of Land and Water Conservation, 1995). A
waterway and small retention basin for sub-catchment 1 was designed for future expansion
and connection to the supply reservoirs. A larger combined system was designed for sub-
catchments 3 and 4.
Contour banks direct water from undeveloped parts of the sub-catchments to the swales to
harvest water from the site. This was particularly important as the retention basins were
designed for a developed site with greater loads than will be achievable in the early years of
construction.
3.4.2 Stormwater management system
Drainage
Overland flow drainage waterways harvest the run-off from roads, car parks, rainwater tank
overflows and the site. The water moves along ‘artificial’ creeks, through in-stream
constructed wetlands to retention basins at the lowest point of the campus site (Illustrations
3.28-3.29).
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The natural drainage pattern played a pivotal role in the site planning by determining the
annular grid, defining the building precincts, and intersects with the radial grid of the land
contours defining the movement systems. These natural and relatively loose determinants
of the massing and relationships of the built forms, symbolically connect the buildings with
the immediate surrounds.
Overland flow uses a combination of brick spoon drains close to buildings, and grass
swales, beyond the buildings, connecting to the ‘artificial’ dry creeks that deposit the water
in retention basins (Illustration 3.30). Pipe work was kept to a minimum, generally
reserved for linking the rainwater tank overflow to the brick drains (Illustration 3.31).
Potable Water
Potable water, used for drinking, cooking, washing, etc., was supplied to every building
from the Albury City Council mains.
Rainwater
Traditional corrugated iron tanks, incorporated into each building, store the rain water
collected off the roofs. The architectural expression of the rainwater tanks articulates their
Illustration 3.28: Artificial creek (2003) Illustration 3.29: In-stream constructed wetland (2003)
Illustration 3.31: Brick spoon drains (2003)Illustration 3.30: Retention basin (1997)
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functional requirements and historical farmhouse character to make an easily recognisable
statement about water conservation (Illustration 3.32).
This water is used for temperature control in the buildings
in a variety of ways and for clothes washing in the
residences. The collected rainwater supplies the
evaporative spray mist of the Student Pavilion and the
waterfall pre-cooling of the lecture theatre.
Supplementation with potable town water is possible, but it
was difficult to evaluate the need for supplementation at
this stage, and obviously it is tremendously variable
according to seasonal variations. Treatment of the cooling
water is by an ultra-violet filter prior to use for cooling to
protect from potential contamination.
Storm Water
Implementation of a total water harvesting strategy was the first project for the site. The
Department of Land and Water Conservation in 1996 constructed two collection systems,
one to the southern slopes and the other to the north (Illustration 3.33). Storm water,
collected by the waterways, passes through in-stream wetlands to treat the water for
aeration, sedimentation and nutrient removal before depositing it in retention basins for
reuse. A windmill and solar powered pump circulate water from the retention basins to two
supply reservoirs located at the highest point of the campus (Illustration 3.34). Gravity
feed from the supply reservoirs is therefore possible to wherever it is needed. Water is
released into the top of the waterway system and to an irrigation main supply pipe. The
recirculation of water minimises the creation of mosquito breeding grounds and helps to
Illustration 3.33: Southern slopes collection system
(1997)
Illustration 3.32: Rainwater tanks
(1999)
Illustration 3.34: Windmill and solar pump (1997)
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keep the water fresh. The increased presence of frogs in the ecosystems also assists in the
control of mosquito larvae. The waterways and ponds also provide wildlife habitats.
A series of three retention basins was constructed at the lowest part of sub-catchments 3
and 4 along the northern edge of the campus. A valve to allow for flexibility in operation
of the system and to facilitate maintenance connects these. Spillways provide a safety
factor in case of blockage or flooding and to permit release of water to avoid the build up
of salt in the system. The capacity of the basins is 13 ML for the highest, 9ML for the
middle basin, and 33 ML for the lowest, totalling 55 ML (Illustrations 3.35-3.37). Another
small basin with a capacity of 1.5 ML was constructed to serve sub-catchment 1 at the
south western corner of the site.
Two farm dams were submerged in the construction of the larger retention basins and the
five remaining dams, of about 6 ML in total capacity, may integrate with the system in the
future.
Illustration 3.36: Middle basin (1997)Illustration 3.35: Highest basin (1997)
Illustration 3.37: Lowest basin (1997) Illustration 3.38: Turkey’s nest dam (1997)
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The two supply reservoirs were constructed at the highest point on the site as turkey nest
dams from the spoil from the road works, and their capacity has not been determined
(Illustration 3.38).
In years of high rainfall, the intention is to drain excess water off the site to mitigate the
risk of salt accumulating in the system. The southern system may drain to existing roadside
stormwater mains. The larger, northern system is designed to spill from the lowest storage
reservoir into Six Mile Creek with a flow path of approximately 1.5 km from the supply
reservoirs to the creek. Six Mile Creek joins Twelve Mile Creek, which carries treated
effluent from the paper mill to water Thurgoona Golf Course. Therefore, the relatively
small addition of water to this system was not considered likely to cause any problems
downstream.
The system was planned for expansion and a fourth large retention basin could be sited
adjacent to the lowest existing basin of the northern sub-catchment. Further sub-catchment
systems may be developed as the need arises.
Water Usage Reduction Measures
Water wise landscape design and the reuse of stormwater for irrigation reduce the demand
on town water. Further reduction is achieved through the reuse of rain water, the design of
cooling systems that do not rely on conventional evaporative coolers common in this
region, and water efficient taps and shower heads.
Composting toilets and grey water
During the course of the design and construction of the stormwater system, and consistent
with principles established for this work, exploration of the potential for the use of
composting toilets and on-site treatment of grey water commenced.
The proposal was to trial the installation of dry composting toilets, in the residential, core,
and SEIS precincts, to eliminate the generation of ‘black’ water.
Similarly, on a trial basis, the cleansing of grey water was proposed using artificial
wetlands for treatment and aeration and final disposal by sub-surface irrigation of dedicated
plots.
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3.4.3 Construction and Operation
Construction
In March 1996, expressions of interest in the construction of the stormwater management
systems were advertised and suitably qualified contractors were short listed.
The variation in tender prices was in the order of 300%. It is difficult to say why the
variation in price was so great, perhaps due to the novelty of the proposed works, however
all the tenderers were preselected for their experience with similar systems. The lowest
tender of $77,832 from the Department of Land and Water Conservation was accepted.
The documentation called for adjustment on site, in conjunction with the Superintendent,
of the exact location and shapes of the drainage swales and ponds. This proved very
important in obtaining more natural shaping of the works. Walking the site with the
contractor, taking into account existing trees and subtle level changes and overall land form
not apparent in the survey, determined the final form. To control erosion the water would
need to run slowly and this could be achieved by winding the swale to increase its length
and thereby reduce the fall. The waterways were significantly altered on site to give them a
winding nature; however, the need to slow the water movement and the impact of the road
works was not sufficiently appreciated.
Variations in cost on the contract were nominal. The contract did not include detailed
work to the treatment ponds or rock lining of the swales. Rock lining and planting of the
treatment ponds was undertaken as a LEAP project, and the treatment ponds were by a
combination of the CFM team, LEAP students, day labour and CSU staff. Rock supply
and placement amounted to about $10,000, and variations on the original contract were
nominal.
Operation
Erosion is a significant problem. The causes are primarily lack of suitable landscaping,
inadequate construction of the rock ‘waterfall’ into the treatment ponds, sedimentation of
the waterways from poor run-off control from the road works and building construction
sites and speed of water moving down the waterways.
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The dry creeks had been seeded with sterile rye grass as the intention was to landscape with
native grasses. However, funds were not forthcoming and as the rye died off, erosion
problems were exacerbated.
The rocks forming the waterfall entry to the treatment ponds were underlaid with filter
cloth, but this was not sufficiently deep, and it should have finished further upstream and
well buried in a trench to ensure that water could not get under it. The poor construction of
the ‘waterfalls’ has caused erosion around and under the rocks. The problem is relatively
simple to fix, but involves reconstruction in the area of the damage.
The waterways were, for the most part, rock lined, and sedimentation, from construction
sites and disturbed areas that were not vegetated, settled mid-stream in the rocks.
Consequently, water flows either side of the newly formed central ridge, causing erosion at
the edges (Illustration 3.39). The water ways were too steep and the speed of the water
flowing down the waterways contributed to the damage.
The waterway between the upper and lower road was successfully rectified in 1998 by
introducing a number of bends, lengthening the route and therefore slowing down the speed
of the water (Illustration 3.40). The progressive rectification of the waterways continued
with the final section being rectified in 2002. It appears a grassed swale with a fall of 1: 30
is manageable without erosion.
3.4.4 Landscape- Murray Valley Arboretum
Significant landscape planning and the first stage of planting was also undertaken in 1996
in parallel to the development of the stormwater management system.
Illustration 3.39: Erosion (1998) Illustration 3.40: Rectification (2003)
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As previously discussed the landscape for an
arboretum of ecologically similar parkland
trees grouped according to the
phytogeographic regions from which they
originate will enrich the pedestrian spine
(Illustration 3.41). The arboretum will be
extended along the different drainage lines
down the slopes of the campus with trees
from the successive ecological regions,
through which the Murray River flows.
These two sections of the arboretum will
form an interpretative trail through the
campus. Where the two sections intersect,
secondary courtyards will supplement the
arboretum with scenographic gardens. These gardens will also serve as information nodes
to the interpretative trails.
For the most part, the landscape design uses plants indigenous to the region (eg, locally
indigenous stringy barks are to be reinstated on the top of the hill), and non-native plants
for the arboretum will be selected on the basis of their ecological suitability. Neither type
will therefore require permanent irrigation.
Brief and concept
The brief for stormwater management included consultation with the Johnstone Centre to
select appropriate vegetation to suit the following:
- parkland arboretum along the pedestrian spine;
- regional theme, based on the regional herbarium, for planting along the artificial creeks;
- locally endemic planting theme to the balance of the site.
The intention was to integrate the landscaping into an appropriate layout for use by the
University, incorporating low maintenance, and sound environmental principles.
Wetlands
The emergent swamp plants in the in-stream wetlands have developed into a natural swamp
ecosystem have not required harvesting. As the plants are all native species, they are
capable of surviving the fluctuations in water level that naturally occur in these systems,
Illustration 3.41: Landscape plan (1996)
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now that they are well established. During the initial period in the life of these ecosystems,
it was necessary to supplement water supply at times of severe drought and to carry out
judicious weeding of unwanted invasive species.
3.4.5 Conclusion
The reservoirs, swales and in-stream wetlands will have a long life span if properly
managed. The New South Wales Department of Land and Water Conservation used their
standard criteria to design the reservoirs and swales. Any problems caused by exceptional
precipitation, whether low or high, will be the same as those for other land holders in the
region and will be dealt with as regional authorities determine.
Those parts of the system regularly exposed to running water are protected against erosion.
They are also inspected weekly during the rainy season and immediately following a heavy
downpour for any erosion that may have occurred. Remedial measures are taken, as
appropriate, when necessary.
The sedimentation ponds in the in-stream wetlands are inspected annually in November,
and excessive sediment extracted, if necessary. As these ponds are over 4m deep, this is
likely to be an infrequent occurrence that will become progressively less frequent as the site
is revegetated.
Principles
During the site development process specific principles and design criteria were clarified
and detailed as the basis for the design of water systems for the site. The principles and
design criteria for the management of water resources are shown in Figure 3.2.
FIGURE 3.2 Management of Water Resources
PRINCIPLE DESIGN CRITERIA
Minimise pollution of water.  Prevent cross contamination of water of different purity.
 Prevent the generation of black water.
 Dispose of bio-solids in a hygienically safe manner.
 Prevent human faecal contamination of water.
Recycle water wherever possible.  Collect rainwater off the roofs of buildings for reuse.
 Treat grey water with appropriate, environmentally based, low cost, low
maintenance systems.
 Reuse seepage from composting toilets to promote reed growth in grey
water treatment.
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Develop and support ecologically
sustainable, natural, aquatic
ecosystems.
 Establish an integrated system for the collection, storage and
distribution of surface run-off water.
 Dispose of treated grey water by evapotranspiration.
 Circulate and store water in ways that are aesthetically pleasing and
that promote maintenance of good water quality.
 Prevent build-up of salts in the water storage.
Economic and not wasteful use of
water resources
 Generally landscape the site and vegetate it with plants that do not
require supplementation
 Monitor water resources on the Campus regularly with regard to
quantity and quality and use resultant information interactively to
sustain effective, reliable management of water on the Campus
 Reduce demand on potable water
Maximise opportunities for research  For example, establish studies of causative links between water quality
and catchment management with respect to different intensities and
forms of water use; the development and sustainable management of
natural aquatic ecosystems in close proximity to human populations;
and the effectiveness of the different components of the water
treatment, storage and supply systems
Facilitate social equity  Educate through interpretative trails, demonstration, research, etc
 Help people to learn to live in ways more connected, and sensitive to,
the natural environment
 Reduce dependence on community services infrastructure
 Facilitate an equitable and healthy lifestyle
(Mitchell, Webster-Mannison 1997)
3.5 Student Pavilion: 1995-1996
The first building constructed and completed in May 1996 was the Student Pavilion, a
temporary home for the Student Association (Illustration 3.42). Eventually the Pavilion
will become a shared common room and
function space for the residences. In many
ways, this first building served as a prototype
for the design of the office, teaching and
herbarium buildings, laying the foundation for
demonstration and acceptance of the
environmental design approach.
3.5.1 Design process
Brief and concept design
In April 1995, the briefing and design process began for the construction of student
facilities to be managed by the Murray Campus Students’ Association (MCSA).
A design was prepared in consultation with the Students’ Association and the brief revised
a number of times during the process. The final sketch design included a lounge area,
Illustration 3.42: Student pavilion (1998)
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Illustration 3.44: Student pavilion- spray mist (1998)
eating areas, recreation areas for pool and table tennis, an office for MCSA staff, a food
service area, toilets, and outdoor seating.
The building was located at the commencement of the pedestrian spine, adjacent to the
former AWDC building and the future residential precinct. The siting related to the need
to be close to the building that would be occupied first and to support future use of the
building as a common room for use by the residential students.
The design concept developed from the desire for a simple space integrated with the
outdoor areas. Flexibility for use as a single venue or a combination of more discrete
activities led to the expression of corners to provide nooks of a more intimate nature and
internal columns defining the circulation routes and further division of the space.
Daylighting and natural ventilation strategies led to the butterfly form of the clerestories
(Illustration 3.43).
Avoidance of a box gutter was by creation of a 1.5m wide flat roof section between the
clerestories. A bulkhead under the flat roof section contains the thermal tank and further
delineates the main circulation route through the building. The verandah form intersects
with the public thoroughfare of the pedestrian spine to the south and the more private
amphitheatre courtyard to the north. The rainwater tanks are integral with the building form
and fully shaded to keep the water cool for
spray misting the courtyard in the summer.
The thermal mass of the rammed earth walls
stores the sun's heat in winter and keeps the
building cool in summer. Solar panels
produce hot water that circulates through the
slab for space heating in winter. Cooling is by
Illustration 3.43: Student pavilion- diagrammatic section
144
Illustration 3.46: National Gallery- fog sculpture (1995)
natural ventilation assisted by fans and spray misting of the external areas (Illustration
3.44-3.45). The idea for spray misting came from the fog mist sculpture at the National
Gallery (Illustration 3.47). A 10ºC drop in temperature was recorded on a hot dry day in
outdoor areas near the fog sculpture.
A high level of daylighting, integrated with flexible switching arrangements, reduces
dependence on artificial lighting. The windows are double hung and frames are recycled
timber. Other environmentally friendly aspects of the design include the use of recycled
and plantation timber, natural materials such as wool insulation and non-toxic paint,
collection and reuse of rainwater, and the ponding and reuse of stormwater.
By June 1995 the project was ready to brief consultants for documentation. The brief
included the established environmentally sensitive design principles and criteria. The brief
required the consultant to prepare tender documentation in trade packages and to appoint,
direct and coordinate the services of engineering consultants. The University provided
consultancy advice on communications and data cabling.
The brief included the approved sketch plans. The budget was unrealistically low, set at
$200,000 at January 1995. The budget included all building works, external services and
site works related to the building and excluded loose furniture and equipment, soft
landscaping, signage, difficult foundation conditions and road works.
Budget allowance was unrelated to cost estimates or briefed requirements, but seemed to
relate to an allocation, subject to change as design progressed. This is a peculiar way to
have to work as one could easily be criticised for exceeding a budget, or be under pressure
to expand the brief without knowing the impact on the budget.
Illustration 3.45: Student pavilion- spray mist (2000)
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The brief was written to encourage innovation and excellence in detailing that reflected
integrity and simplicity in construction. The environmentally sensitive design approach
was described in the brief and replicated that presented to the University during the
development of the site plan.
Selection of consultants
There was not an option to document the project in-house, as resources were too limited.
The Office of Design at this point consisted of only one architect (the author), an
architectural draftsperson, a former gardener, and a former building maintenance
supervisor.
In mid-August 1995 a Development Application was submitted and the architectural
consultants, NRG Systems, were engaged. The time frame for documentation and
construction was relatively short, as the building was required for the commencement of
teaching, 1996.
The tight program allowed only two weeks for submission of draft documentation,
followed by Building Application submission one-week later, and final tender
documentation within one further week. Similar to the budget, unrealistic deadlines or
expectations rather than advice drove the program on achievable targets. To make matters
worse the consultants accepted the budget and program without comment.
The basis of selection of the architectural consultants was their environmental design
experience and the fact that they were local. There was a very limited field with the
appropriate experience either locally or nationally. Local consultants were selected in
order to help develop relevant local expertise, to have convenient access to consultants
during construction, and to achieve cost competitiveness.
Documentation
Refinement of the design continued during documentation. The consultant architects’
views did not accord with the designer’s and this gave rise to a number of conflicts and
delays in the already tight program. The consultant raised a number of design concerns
including the desirability of rainwater collection, rammed earth as predominant material,
south facing clerestory, verandahs, and lack of mechanical ventilation. On the whole the
basis of these concerns was misconception or ignorance of the issues. For example, the
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negative preoccupation with rammed earth centred on the perceived lack of local labour,
level of complexity of construction and the supposed vulnerability of rammed earth to
‘student abuse’. The consultants incorrectly determined a need for a concrete bond beam to
act as a continuous lintel around the perimeter of the building to tie the walls together and
secure the roof.
The absence of local rammed earth contractors was a problem, however competitive
tenders were received from firms active in the region. The rammed earth contractor did
employ local labourers and at least one of them has subsequently taken up the trade.
Rammed earth has many structural applications and a bond beam was totally unnecessary
and the building was successfully constructed without one. Rammed earth, once cured, is
very tough and difficult to scratch although it would be easy to damage with graffiti. To
date there has be no vandalism of the buildings on the campus. This may be partly due to
the special nature of the campus and the feeling of belonging that it engenders.
Resolution of the plan by the end of August incorporated some of the consultants’
suggestions. The Council was initially concerned by the proposed use of galvanised steel
for the roof. However, objections were dropped after submission of a written explanation
of the philosophy behind the design and materials choice (Webster-Mannison, 1995).
Council approval was forthcoming in a very short time on 4 September 1995, followed by
Building Approval on 27 September. The support and effectiveness of Council processes
were tremendously helpful. Often delays in approval times are unavoidable and complicate
a fast track delivery method.
Later in September the University decided to increase the size of the building.
Documentation was fairly advanced at this stage and this delayed the completion of
documentation.
3.5.2 Building details
Heating and cooling
Natural ventilation of the building is through windows, clerestories and ceiling fans.
Cooling is by night time ventilation of the space and spray misting of the northern
courtyard. In-floor hydronic heating uses solar heated hot water.
147
The architect had been liaising with Solahart about the design of the solar hydronic system.
Their initial advice, mid September was that two 302Kn Solahart systems were required to
meet the demand based on the following design loads:
- heat load of 30kW or 105MJ per day to circulate water at 50 C;
- volume of 600l under circulation assuming net load is 75% of design load;
- A 302kn system comprises a 300l storage cylinder fitted with an integral gas booster
with a burner rating of 13 Mj/hr and two Solahart ‘k’ collectors. Solahart predicted that
the demand could be met with an annual solar contribution of 83%. The savings
predicted were $965.64 from a total if using gas only of $1,104.93 (Reddi Memo, 13
Sep 1995).
The architect knew something was wrong, one obvious point was that the heating cycle was
not an annual demand. The architect had also been discussing the system with a local
contractor, Branco Boilers and Engineering, who specialise in hydronic heating. Although
the use of solar was new to them, they were keen to be involved in the development of the
system. Their previous experience with hydronic heating was based on the use of gas fired
boilers. In September the architect issued a brief for the design and construction of the solar
heating system, nominating Solahart as the designers of the solar component. Branco’s won
this tender with a submission based on the Solahart design. A detailed tender analysis was
prepared, based on the hydronic component of the work only and the tender was let to
Branco Boilers and Engineering based on price and the fact that they are a local business.
In the process of clarifying technical details of the tenders Solahart advised that to
maximise the solar component of the system, a larger collector area would be required,
possibly in the order of 25 ‘K’ collectors (Reddi Fax, 9 Oct 1995). The slab was ready to
pour at this stage, so it was critical to let a tender for the solar hydronic system. It was
agreed to let the tender so that the slab would not be delayed and to continue to negotiate
the heating component of the system. Branco’s resolved a compromise solar system that
located a 750mm diameter tubular storage tank within the ceiling space under the middle
portion of the roof with a storage capacity of about 4000l and with 16 solar collectors.
Solahart at this stage appeared to be losing confidence in their design of the system (Aitken
Memo, 24 Oct 1995).
Finally Solahart advised on the details of a system using 15 ‘I’ Type collectors and a
separate single unit to supply domestic hot water. This used all the available north-facing
roof. Optimisation of the angle of the roof in relation to winter solar collection at 36° was
in accordance with advice from Solahart (Reddi Fax, 10 Oct 1995).
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The Solahart panels were preferred over other units as they had a drain down protection in
case of freezing temperatures (Aitken Minutes, 2 Nov 1995).
Lighting
The lighting strategy was to integrate daylighting and artificial lighting to reduce energy
use and provide a high level of comfort through daylighting (Illustration 3.47). The
University standard lighting is the use of very
inexpensive fluorescent batten fittings with
plastic diffusers. The cost of low energy
bulbs and special lighting fittings or controls
was considered extravagant. The positioning
of the fittings and the flexibility of switching
patterns provide a variety of lighting
situations with a high level of user control.
Standard fluorescent tubes concealed behind pelmets either side of the central bulkhead
provide a combination of uplight and downlight to the centre of the building. Downlights
over each of the ‘corners’ give higher levels of lighting over the pool table, table tennis
area, kitchen, and lounge when required. Combination uplight and downlight fittings
provide general lighting to the remainder of the building. The toilets have a minimum level
of illuminance from downlights that are on a movement sensor.
Hydraulic Services
Recycling of greywater for flushing toilets was considered, however the lack of experience
of the hydraulics consultant and the anticipated approval times precluded the close
examination of this option.
Rainwater is collected in tanks and used for the spray misting of external areas. An ultra
violet filter has been added to the system due to concerns about the water quality.
3.5.3 Construction and operation
Construction
The University usually constructs its buildings by construction management of trade
packages. A Construction Supervisor who is a University employee, assisted by a foreman
Illustration 3.47: Student pavilion- interior including
author and daughter (1996)
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and labourer, generally on contract manages the construction process. The Student
Pavilion was constructed by André van Egmond, a skilled supervisor and carpenter.
André van Egmond’s attention to detail and excellent site management brought this project
to life but also were essential to the wise and economic decision making. Many of the
tradespeople and suppliers that van Egmond brought together for this project maintained an
active role in subsequent projects.
Costs
A comparison of costs shows that the cost of the Thurgoona project is less than the two
projects completed just prior to the design of the student union facilities at the Wagga
Wagga and Bathurst campuses, and the relevant rate from Rawlinsons Australian
Construction Handbook (Rawlinsons, 1996, p.40) (Figure 3.3).
FIGURE 3.3 Cost Comparison- Student Pavilion
BUILDING AREA (m²) Efficiency
(%)
Jan'95
($)
Jan'95
($/m²)
Jan '96
($)
Jan '96
($/m²)
Educational- Office
(Rawlingsons)
GFA 1,234
Office Building 28
(Wagga Wagga campus)
GFA 1355
UFA 759
56% 1,285,054 948
1,693
1,362,157 1,005
1,795
McDonoughs
(Bathurst campus)
GFA 862
UFA 454
53% 780,581 906
1,560
827,416 959
1,823
Student Pavilion
(Thurgoona)
GFA 355
UFA 273
77% 325,378 917
1,192
Notes: Cost excludes landscaping, Building Approval fees, consultancy fees, external services and furniture to enable
comparison of actual building cost.
Escalation of 6% for Jan '95 until Jan '96 is based on Rawlingsons Australian Construction Handbook (Rawlinsons,
1996, p. 18, 22).
Office Building 28 is a two storey rectilinear building constructed from cavity brick with
ducted gas space heating and evaporative cooling. McDonoughs is a two storey rectilinear
building constructed in brick veneer with ducted gas space heating and evaporative
cooling.
Occupation
The intention was to serve a limited range of predominantly cold foods and to provide for
the warming of food that may be prepared off site. The kitchen therefore was not designed
for cooking. Prior to completion of construction the management of the Student
Association changed and food preparation became a priority. The subsequent alterations
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made by the Student Association were ill considered and contributed to problems with
cooling the building in the hotter weather.
The night time ventilation strategy was not totally successful, relying on the building
occupants to leave banks of louvres located both sides of each rainwater tank and the
clerestory open. The lack of regard for the importance of this action prompted the
inclusion of motorised dampers and louvres in subsequent designs.
The users have been very responsive to sensible use of the lights and during the day very
few lights are switched on.
The University made a policy decision that the Thurgoona campus would have a computer
controlled Cardex security system. A Cardex security system with card key access and
automatic door locking was installed. Interestingly, the building’s managers chose to chain
the doors due to lack of confidence in the automated system.
3.5.4 Conclusion
Overall the first building was very well received by the University and the students. The
building became the prototype for future buildings on the campus. The students have
adopted it as their home and the Environmental Club has planted a permaculture garden
adjacent to it (Illustration 3.48). The spray misting system to the courtyard was initially
ineffective, as the mist was prone to being
dispersed on windy days. Installing a shade
cloth screen around the courtyard
subsequently rectified this. The cooling
effect continues to improve as the trees
establish. Supplementary planting of low
shrubs and additional trees was
recommended, but unfortunately not
undertaken.
Engagement of consultant architects for documentation was not as rewarding as one may
have hoped. Although highly motivated, the consultant architects’ views did not accord
with the designer’s and this gave rise to a number of conflicts and delays in the already
tight program. The architect felt that all the major design decisions had been made and
described in the brief, while the consultants took the approach that significant further
Illustration 3.48: Permaculture garden (2002)
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design development was appropriate. This continued to be a problem in the engagement of
different consultant architects for the next stage.
3.6 The School of Environmental and Information Sciences (Stage
One): 1996-1999
Construction of an office building for eighty staff, specialist teaching space for the School
of Environmental and Information Sciences and a herbarium, in the academic precinct,
commenced in 1997 (Illustration 3.49).
Debate was still raging within the
University’s executive over the use of
rammed earth that seemed to have become, to
the project’s critics, symbolic of the
environmental agenda. The approval process
for the use of composting toilets and on-site
grey water treatment was at the beginning of
its nearly two year duration.
The University proposed to trial the composting toilets and greywater treatment in three
precincts that reflect different types and patterns of use. The Faculty Precinct emulates
commercial office development. The Core Precinct typifies a mixed use retail,
entertainment or institutional zone. The Residential Precinct applies to detached or
medium density housing. Therefore, the University experience is directly applicable to use
by the wider community.
Stage Two construction in 1998 included the
network centre, a 200-seat lecture theatre and
associated general purpose teaching space in
the core precinct, and residential
accommodation for thirty-two students
adjacent to the Student Pavilion (Illustration
3.50).
During this period, staff initiated the establishment of an Environment Management
Committee with the aims of ensuring the ongoing integrity of the environmental design and
management of the campus.
Illustration 3.49: SEIS building (1999)
Illustration 3.50: CD Blake Lecture theatre (2000)
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3.6.1 Overview
A series of user meetings commencing in April 1996 led to the development of a concept
plan by June 1996. The difficulty in developing a brief centred on the significant
difference of requirements stated by the users and the University’s budget and perceived
brief. There was no written statement of the University’s brief.
The design development process consisted of using the concept plan as a sounding board
for the progression of the concept. The $2.8m budget for Stage One was somewhat
arbitrary as the extent of Stage One had not been finalised. At this stage the project
comprised a $1.7m office building of 1,000m², $0.58m teaching building of 360m², and
$0.55m herbarium of 350m². Student toilets were not included. During the course of
design, the University’s need for space increased significantly and the project size altered
to reflect the changing requirements. However, the budget was not formally revised to
reflect the increased project size.
The user committee supported whole heartedly development of the design on the basis of
environmentally sensitive design principles, including the optimisation of passive heating
and cooling, daylighting and use of rammed earth. The requirements of space planning, and
the optimisation of daylight, solar access, and natural ventilation determined the buildings’
massing and form.
3.6.2 Offices
The offices, designed predominantly for academic and postgraduate students, have 60
single offices and 12 double offices (Illustration 3.51-3.52). It is the home for the School of
Environmental and Information Sciences (SEIS), the Johnstone Centre for Parks,
Recreation and Heritage, and the Division of Information Technology. The offices
comprise two storey, north facing, long thin building wings connected by a staff room on
the first floor and an open breezeway on the
ground floor (Illustration 3.53).
The breezeway clears the in-ground services
aligned along the secondary path system that
connects the building cluster to the main
pedestrian spine, roads and car parking.
Thereby, it provides covered access between
Illustration 3.53: SEIS- breezeway (1999)
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Illustration 3.51: SEIS- floor plan
Illustration 3.52: SEIS- elevation
the two office wings and forms a vista through the site to a significant stand of remnant
trees and the reservoirs. Each wing is planned with a separate reception area to
accommodate a School, although in this case, the SEIS occupies one wing and the
Johnstone Centre the other.
The School offices are logically located opposite the specialist teaching building for earth
sciences, mapping and Geographic Information Systems (GIS). The Johnstone Centre has
a separate entry and reception area, and is located opposite the Herbarium with which it has
strong ties. Project rooms for research, meetings, tutorials and/or postgraduates are adjacent
to the entry to each wing, as are the toilets, kitchenettes, plant, storerooms, and services
cupboards. Centrally located, spanning the breezeway, a shared staff room and kitchen
serves the building Illustration 3.54). A verandah provides access to the staff room, a link
between the two wings, and connects with external stairs and a ramp. The user group
considered the number of offices proposed insufficient for predicted staff numbers.
Although the University did not initially support an increase in size, design of the building
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Illustration 3.54: Staff room (1999)
accommodated future expansion. The number
of toilets and plant capacity was appropriately
increased. This proved fortuitous, as the
expansion took place before completion of
the project, with the addition of two ‘pods’, as
they became affectionately known.
The efficiency of the floor plan was a primary
concern in the planning, as the design was
being scrutinised for any departure from the ‘standard’ office blocks constructed over the
years at the Wagga campus. For example, determination of the oval form of the thermal
chimney void and circulation space, considered an extravagance by some, involved
analysis of several competing shapes. The oval form was the most efficient use of the floor
space and in rammed earth, given sensible detailing and use of radii consistent with the
standard formwork, no more expensive than straight walls. The need for a throat to the
chimney to draw air from the ground floor offices and
the desire to keep the structure simple created an open
area on the ground floor, under the void (Illustration
3.55). This area forms a meaningful place for social
gathering and casual contact. The fairly modest entry
area balances the ‘extra’ space required for the thermal
chimney to achieve efficient floor areas. Recycled
glass, set into the floor around the throat of the thermal
chimney, enhances daylight penetration to the ground
floor. To allow for more independent use of the ‘pods’
in the future, a kitchen bench was added to the ground
floor void area. This practical addition enhances the
people friendly nature of this space.
3.6.3 Herbarium
The Johnstone Centre Herbarium was a cooperative proposal from a number of institutions
and the recipient of an Australian Research Council infrastructure grant in 1995, and hence
required a building (Illustration 3.56). The Herbarium is an integral part of the network of
national herbaria and contains a reference collection of the upper Murray and
Illustration 3.55: Void (1999)
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Illustration 3.56: Herbarium (2003)
Illustration 3.57: Collection room (2003)
Murrumbidgee flora, together with
taxonomic, distribution, and environmental
data. A major feature is the link with the
Johnstone Centre Environmental Informatics
Laboratory that provides on-line information
services via the World Wide Web. Through
the participatory planning process the ‘living
herbarium’ concept arose, complimenting the
traditional reference collection and electronic service.
The workflow and its direct relationship to insect control largely determined the layout of
the herbarium. It was a primary user requirement to minimise the operational need for
highly toxic chemical control of insects. The key to this concept was to separate clean and
dirty areas. Pressurisation of the herbarium work areas ensures that air always moves from
the cleanest areas to the dirtiest. The space planning and air handling system thereby
minimise the potential for contamination. The elimination of corridors maximises space
for the operational requirements.
The building has two entries. A covered ‘dirty’ entry at the far eastern end of the building
is for delivery of specimens. A ‘clean’ entry via a porch accessed from a verandah
connecting to the main pedestrian spine serves for visitors and staff. The central reception
area leads directly to the Informatics Laboratory, Manager’s office, toilet and tearoom and,
through an airlock, to the collection or specimen preparation areas. The room housing the
collection contains compactus units for storage and benches under narrow, shaded south
facing windows for researchers and visitors to view the specimens. The room housing the
collection is the cleanest space and therefore is delivered totally fresh, filtered air at the
highest volume. The workflow is for receipt of wet specimens to the specimen room, dry
to the freezing/drying room. Here the treatment processes kill any insects or diseases. The
clean specimens are then transferred to the
identification room, prior to mounting. From
the mounting room, the specimens are
directed through an airlock for storage in the
collection room (Illustration 3.57).
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The need for pressurisation, with its significant role in chemical free control of insects,
combined with the stringent temperature control requirements, led to the preparation and
collection rooms being air-conditioned. The system selected, Ecoair, was considered the
most environmentally friendly available. The herbarium can operate in a mixed mode with
or without air conditioning to ensure future flexibility for changes in operational behaviour
or use.
3.6.4 Specialist teaching building
The specialist teaching building comprises an earth sciences and mapping room for 60
students, a Geographic Information Systems (GIS) research area and a 20-place computer
room for teaching GIS. Here again, in the interest of conserving space, corridors are
eliminated. Circulation areas are externalised on verandahs and a shared print room
conjoins the GIS teaching and research space (Illustrations 3.58-3.59).
3.6.5 Design process
Participatory design
A user committee for participation in the design process was established. Members
included the principal, Head of School, SEIS, Head of the Johnstone Centre, the Professor
of Information Technology, some senior teaching staff, the Director of Buildings and
Grounds and the Network Manager. Occupational Health and Safety and Disabilities
Service officers were involved at appropriate times. There was more intensive direct
consultation with staff who had specific interests in special facilities, such as the herbarium
and GIS areas, as well as particular areas, such as the school office and postgraduate
student accommodation.
Illustration 3.58: Specialist teaching building (2003) Illustration 3.59: Specialist
teaching building- interior (1999)
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Another process used to obtain wider input to the plans was the posting of plans, at various
stages of development, in the staff room for comment. This was especially useful as a
conduit for feedback from people otherwise not involved in the design process, initiating
discussion between staff and offering an anonymous mechanism for comment. Detailed
room data was prepared by close consultation with the users, but incremental change to the
concept plan was the predominant record of the input. This was invaluable as it
immediately showed up the compromises and opportunities caused by the changes,
whereas a written record of the user requirements, no matter how detailed falls short in this
regard.
There were several talks organised to keep staff and students informed about the design and
construction progress. These provided a forum for the design concepts and philosophy and
discussion of contentious issues, eg., comfort of buildings, composting toilets, window
shading, space provisions for offices, and other activities. By the beginning of November
1996 the Vice Chancellor had approved the sketch plans for documentation, including the
future provision of additional offices. The Board of Governors approved the project mid
December 1996. These additional pods as they became known were approved for
construction when the office, teaching, and herbarium project was about 50% complete.
The key decisions on design were made during concept and sketch design phases.
However, refinement of the design to integrate consultant input and coordinate detailed
room requirements was still necessary when the project was briefed to consultant architects
for contract documentation.
Design Concept
Thermal mass of the rammed earth walls and concrete floors, and ceilings in the office
building, was again employed to stabilise internal temperatures. Supplementary heating
and cooling involves circulation of water through the floor and ceiling slabs. Concrete
tanks, located in each building, store the hot or cold water for use in the closed loop
systems via thermal exchange. In winter, solar collectors heat the water with back-up from
a gas fired boiler when required. In summer, the system operates in ‘reverse’. The
circulation of water through the solar collectors at night to dissipate heat obtains cool water
and thermal exchange with the water pumped up from the reservoirs to the top supply
dams. Night cooling, through automatic operation of low and high level louvre vents,
flushes the spaces of hot air and lowers the temperature of the thermal mass in the summer.
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Thermal chimneys provide daylight penetration to internal zones and assist cross
ventilation by the stack effect (Illustration 3.60).
Daylight and good views are provided by large, fully shaded, openable windows. A simple
perforated steel, general light fitting to provide a combination of down and up light, was
designed as there was nothing suitable and affordable on the market. Individual switching
of general light fittings and task lights allows the user to control the light level and
direction to suit the task.
Non-toxic materials, such as natural fibre wool and linoleum floor coverings, wool
insulation, non-toxic paints and timber treatments, mesh protection from termites, and the
minimisation of the use of PVC and plastics, contribute to the atmospheric health of the
building. Recycled materials include timber and some interesting material from the
salvage of an integral structural system of glass flooring and library shelving. Materials
were locally sourced where possible and preference was given to Australian made products.
Selection of consultants
The brief required the architectural consultant to undertake contract documentation,
including the detailed preparation of room data sheets and tender documentation in trade
packages, and to recommend, direct, and coordinate the services of engineering
consultants. The tender process involved pre-selection of architectural firms based on
Illustration 3.60: SEIS- diagrammatic section
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previous experience with CSU or demonstrated experience in passive design and/or
rammed earth construction.
The case had been made that the nature of the environmental aspects of the project,
particularly the passive design and use of rammed earth require a specialist approach and in
depth demonstrated experience. Attempts to find a firm specialist in environmentally
sensitive design failed miserably. It was ironic that, of the six architectural firms selected,
the only firm without significant passive design and/or rammed earth expertise was the
lowest tenderer, 40 % below the highest. This may reflect the understanding of higher
priced firms that there would be a need to research the environmental design issues. The
anticipated architectural fee for this work would be in the order of the upper half of the
tender field.
The selection criteria were developed to ensure that within reason, the best-suited firm
could be selected. The selection criteria were as follows:
- demonstration of environmentally sensitive approach to design;
- level of skill and experience and demonstrated ability to undertake nature and scale
of work;
- excellence in design and detailing;
- price competitiveness;
- demonstration of a cost-effective approach to construction budgets;
- in house capability to produce documents in electronic form;
- understanding of the University's EEO policy and the anti-discrimination
legislation.
In evaluating the tenders, there were serious reservations in relation to the difference
between the lowest and the rest of the field and relativity to industry accepted fee scales,
familiarity with rammed earth construction and demonstrated experience in environmental
design. However, the lowest tenderer, SJPH, had a history of highly competent work with
the CSU, and they were confident of their ability to complete design development and
documentation to incorporate detailed design requirements, passive design and
environmental aspects, and alternative construction techniques. SJPH nominated Chè Wall
of Advanced Environmental Concepts (AEC) as an essential inclusion in the team for the
development of the passive design, and David Oliver of Greenway as their rammed earth
adviser. Both of these choices seemed a good indication of their commitment to the
integration of the passive design concepts with the building.
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The architectural and passive design consultants were engaged in mid-December 1996 and
the time frame was for completion of consultancy in April 1997. The design objectives,
principles, and criteria were similar to those included in the brief for the Student Pavilion.
The environmental criteria were elucidated in relation to specific attributes of the sketch
plans.
Design development and documentation process
In mid-January, 1997, a series of design workshops was held with Yap Kok Wah,
consultant architect, SJPH, Chè Wall and Chris Arkins, AEC, passive design consultants,
and the design architect. The participation in relevant sessions of Rainer and Karl
Brandmeier, Branco Boilers and Engineering, David Mitchell, water management
consultant, and Andre Van Egmond, Construction Manager, CSU, made a significant
contribution.
The first workshops commenced with a site tour, including the Student Pavilion and
stormwater management systems, and a presentation to explain the design philosophy and
sketch plans to the participants. The agenda focused on environmental design, passive
design, and materials selection, and culminated with specific issues relating to the office,
herbarium, and teaching buildings.
While valuable, this process could only take a small step in the education of architectural
consultants with limited time, experience, and commitment to green design. The areas that
were most difficult to grasp by the people charged with the documentation of the project
related to the detailed thinking through of the implications of the following:
- incorporation of passive design and thermal systems
- detailing and structural use of rammed earth
- use of recycled materials
- evaluation and sourcing of environmentally sound materials
- integration of the composting toilets and grey water treatment
- detailing of rainwater collection system, access to tanks, potential for future
replacement of tanks
- rationalisation of the design to achieve minimum use of space and materials
- coordination with other consultants.
The planning issues that arose largely related to the inexperience of the staff to resolve
functional requirements in an elegant manner using a minimum of space. The design
development and documentation process was ultimately one of exchange between the
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design architect (the author), SJPH and the engineering consultants. Branco Boilers and
Engineering and Earth Structures also dove tailed into the process at the appropriate stages
providing invaluable practical advice on the thermal systems and rammed earth
construction, respectively. It was difficult for the architect to convey the intricacies of the
design, particularly the impact of seemingly small decisions and practicalities of
construction essential to the realisation of the ethical basis of the project, when the
documentation was being undertaken remotely. Consequently most of the design
development and detailing was undertaken by the Office of Design, and significant re-
documentation was required during construction to resolve details ranging from the
specification of an environmentally sound paint to more economic roof framing.
A Building Application was nonetheless submitted in mid March and approved 2
September 1997. Approval to the composting toilets was not formally received until
almost two years later; however the design was advanced on the basis of the supportive
nature of the authorities.
Early in 1998 design and documentation commenced on the modules and link buildings to
add a further 32 offices and internal stairs. The office building had been designed to allow
for the future additions by including the required number of toilets and allowance for
heating and cooling and extension of services.
3.6.6 Construction and Occupation
Construction
The University’s usual tendering system is to pre-register building contractors for each
trade and then evaluate the registrations of interest for a selected tendering process.
Public advertisement is an important part of this process to ensure a fair and accountable
tendering environment. The evaluation of the registered contractors is to ensure that only
contractors capable of performing the work to an acceptable standard are considered and is
critical to protecting the University's interests.
The first of the trade packages, the bulk earthworks, was tendered early in May 1996, but
construction did not commence as early as anticipated. The University was not free of
problems in getting under way, with the start of construction substantially delayed until
August 1997.
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Part of the value of the construction management process was the flexibility for input by
the contractors. Some instances of which are as follows:
- detailing of the verandah, eaves, tank stand, recycled timber and ply cladding, for
example, the curving of flooring boards, by André van Egmond and the carpenters
(Illustration 3.61);
- integration and sourcing of available recycled timber in consultation with suppliers and
van Egmond;
- sunshade and handrail detailing by van Egmond, Mark Orton, a newly appointed CSU
Construction Supervisor, and the metal worker (Illustration 3.62);
- inclusion of polished concrete floors to the student toilets as an experiment in finishes
for application to future buildings;
- reuse of the library shelving in conjunction with van Egmond and Orton (Illustration
3.63);
- incorporation of decorative, lighting, and picture rail niches in rammed earth in
consultation with earth structures (Illustration 3.64);
- total redesign of the hydraulics by Gary Tonkin, plumbing contractor;
- total redesign of the rainwater tank system by Steve Altmieir, Esler and Associates with
input from Branco Boilers and Engineering and Gary Tonkin;
- design through prototypes of the window sections incorporating the night cooling vents
by van Egmond;
- redesign of the ramp with help from van Egmond (Illustration 3.65);
Illustration 3.61: Verandah- curved flooring boards (1999) Illustration 3.62: Sunshades (2000)
Illustration 3.63: Recycled shelving (2003) Illustration 3.64: Lighting fittings
in corridors (2003)
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Illustration 3.66: Lighting fittings in offices (2003)
- design of the light fittings and placement and controls in conjunction with Dennis
Ritchie, electrical contractor (Illustration 3.66);
- joinery redesign with input from joiner;
- overland flow system documented by Eslers and Associates, formed on-site by the
paving contractor;
- paving by the paving contractor loosely based on plans;
- paint specification, finishes schedule, and colour scheme in consultation with Organoil.
Cost
The average construction cost for the Stage One buildings is $1586/m² (Smith, 1999). A
comparison of the construction costs is shown in Figure 3.4. It is difficult to compare this
FIGURE 3.4 Cost Comparison- School of Environmental and Information Sciences
SEIS RAWLINSONS
BUILDING Gross Floor Area
(m²)
Jan’99
($)
Combined
($)
Teaching
($1,814/ m²)
Offices 2100 3,330,600 2,973,600
($1,416/ m²)
3,809,400
Teaching 348 551,928 631,272
($1,814/ m²)
631,272
Herbarium 334 529,724 605,876
($1,814/ m²)
605,876
Toilets 170 269,620 240,720
($1,416/ m²)
308,380
Switchboard 17 26,962 25,636
($1,508/ m²)
30,838
Total as built costs
Cost $/m²
2,969 m² 4,707,500
($1,586/ m²)
4,477,104
($1,508/ m²)
5,385,766
($1,814/ m²)
with average construction costs as the Rawlinsons Australian Construction Handbook
(Rawlinsons, 1999, p.40) does not list a similar building type. The Rawlinsons definitions
reflect the usual situation where academic offices are generally integrated with teaching
space and university administration space is generally open plan. For comparison
Illustration 3.65: Ramp (2003)
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purposes an average cost of $1416/m² from the high end of costs for university
administration buildings and $1814/m² for teaching facilities were selected from the
Rawlinsons Handbook (p. 40). A smaller office building was completed early in 1998 on
the Wagga Wagga campus, for a cost of $1476/m² (Smith, 1999).
Analysis is further complicated as Rawlinsons costs exclude difficult site conditions, but
adjustment for the high foundation costs of Stage One, that has a site classification of H, is
not attempted. Consultant fees, voice and data communications, landscaping, furniture
costs for Stage One of $0.515m are excluded to make the figures comparable to the
Rawlinsons rates.
The construction costs of the Stage One buildings are not possible to isolate except by
apportioning cost to floor areas. Therefore, it is not possible to analyse each building. A
comparison of the rates indicates that the Stage One buildings cost 5% more than the
Rawlingson Handbooks (Rawlinsons, 1999, p.40) rates using the combination of
administration and teaching rates, but 14% less if treated as an integrated facility. Stage
One was 4% more than the most recent University office construction.
Occupation
The buildings were occupied in mid January 1999 during the midst of a particularly dry hot
summer. Although the central office blocks were substantially complete, the ‘pods’ were
not, the cooling systems were not commissioned and there were no sunshades or blinds
fitted. Staff braved these conditions covering the windows in a makeshift fashion with a
variety of materials including cloth, cardboard and posters. The buildings were
surprisingly cool, although there are no temperature readings to verify this impression.
Two information sessions were held, at the end of 1998 and at the beginning of 1999, to
familiarise staff and students with the design philosophy, operation of the buildings, and
water management systems. These were important for disseminating practical information
such as whether to open windows, what not to put in the composting toilets, and to answer
questions, the most common being what happens if I drop my mobile phone in the toilet?
The overwhelming response by staff was extremely positive, evidenced by a staff initiative
to prepare and distribute an operations manual. Casual contact by the designers with the
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building occupants and the friendships built up over time indicated that most staff loved
their new offices, teaching, and research space.
There are many examples, even in the first year of occupation, of the growing attachment
felt by staff and students to the campus. Bicycles, donated by a local shop and organised
by Leslie Montfort, Lecturer in Leisure Studies, are used to move around the campus with
no theft or damage to date. Staff also organise some recycling of waste. A group of
students have developed a permaculture garden. In 1999, following the first year of
teaching, a paper was published outlining how the campus is providing sustainability in
higher education by integrating site planning and building design, operations and teaching
practices (Howard et al, 1999).
3.7 Greywater, composting toilets and landscape: 1997-99
3.7.1 Design Process
Brief preparation
The brief was for design of a grey water cleansing system including composting toilets and
liaison with the relevant authorities for approval and detailed design. However, this proved
to be a far more extensive process than initially envisioned and extended throughout 1998,
and ultimately required some careful site supervision.
The proposal was for the construction of artificial wetlands for treatment and aeration and
final disposal by sub-surface irrigation of dedicated plots in the residential, core and SEIS
precincts. A subsequent brief for the documentation of the system was prepared.
Selection of Consultants
The same consultants were engaged for the design of the greywater water treatment
wetlands as for the stormwater management systems due to their familiarity with the site
and expertise in the area
Pilot Projects: Grey water treatment and dry composting toilets
Two pilot projects were proposed: the treatment of grey water on campus through
intermittently loaded, gravel-based, root-zone treatment wetlands, and the use of dry
composting toilets to eliminate the generation of highly polluted black water. The wetlands
166
are located to serve each precinct and the composting toilets are integrated with each new
building.
The trial basis of the pilot projects was necessary to demonstrate to authorities that these
systems will work, prior to requiring an onus on their part to set an approval precedent.
Design
The grey water generated on campus from wash hand basins, showers, baths, kitchen sinks
and laundries, has a fairly consistent composition and low pollutant loads. There is no risk
of faecal contamination, with the possible exception of very nominal contamination of the
grey water generated in the showers and laundries of the student residences.
Alternatives for the on-site treatment of the grey water were canvassed, including septic
tanks, aerated waste water treatment systems, and wetlands. The wetland systems were
selected because of their suitability and conformity to the principles and philosophies
underlying the development of the campus. The research indicated that, although not
currently in common use, correctly designed wetlands should be successful. The wetlands
and proposed sites suited construction on a modular basis essential for the incremental
growth of the University. The wetlands presented the further opportunity of aesthetic
qualities over more highly engineered systems.
In order to meet environmental and health criteria for the disposal of the treated waste,
disposal will occur by evaporation through an evapotranspiration mound, with possible
overflow at times of unusually high rainfall being accommodated in an ephemeral
paperbark wetland, similar to those that originally occurred in the area.
The high evaporation characteristic of the area is ideal for the proposed reed bed system.
This will assist in decreasing the hydraulic load progressively through the system, thereby
minimising the risk of grey water appearing above the surface during the treatment stages
in the system.
The design is for flow through a grease trap in the residential precinct where kitchen waste
may contribute to the grey water, followed by treatment in intermittently loaded, gravel-
based, root-zone-treated artificial wetlands.
The raw grey water is conveyed to treatment systems through underground piping, installed
in the annular service corridors with the mains servicing and roads in 1996. The treatment
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Illustration 3.68: Primary treatment wetland (2003)
systems comprise two primary treatment wetlands, a secondary treatment wetland, an
evapotranspiration mound and an ephemeral wetland (Illustration 3.67).
Operation of the wetlands was proposed initially on a weekly basis. The two primary
wetlands fill in alternate weeks and each retains the effluent for a further week before
discharging it into the secondary wetland where it is retained for a further week being
drained into the evapotranspiration mound. This provides a total residence time of 2-3
weeks, well above the 5-10 days that is often suggested as a target residence time (Mitchell
& Webster-Mannison, 1997).
The treatment processes that occur in the artificial wetland systems are sedimentation,
decomposition, oxygenation, adsorption, absorption, disinfection, filtration and
evapotranspiration. The two primary wetlands are planted with Schoenoplectus validus
(river club rush), selected for its positive
response to high nutrient levels, and the
secondary wetland with Phragmites australis
(common reed), selected for its ability to
absorb nutrients (Mitchell & Webster-
Mannison, 1997) (Illustrations 3.68-3.69).
Illustration 3.67: Greywater treatment wetlands- diagram
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Illustration 3.69: Secondary treatment wetland (2003)
An evapotranspiration mound disposes of the
treated water through the processes of soils
and infiltration, plant uptake and
evapotranspiration. The mound is planted
with Carex appressa (tussock sedge), which
is deep rooted and forms extensive stands
giving a high evaporative crop factor
(Mitchell & Webster-Mannison, 1997). An
ephemeral Melaleuca wetland is constructed
at the base of the evapotranspiration mound
to take the run-off from the drainage systems
in times of high rainfall wetlands (Illustration
3.70). Excess water evaporates during periods
of dry weather.
The ephemeral wetland emulates the shallow
depressions that fill with water in the winter and are common in this region (Albury-
Wodonga) and throughout the Murray-Darling Basin. There are possible traces of such
wetlands on the campus (Mitchell & Webster-Mannison, 1997). The ephemeral wetlands
provide aesthetically pleasing habitats for small mammals, waterbirds and frogs. Planting
the inflow of the wetlands with suitable species of Melaleuca with a gradation into stands
of tea-tree at the drier end of the system was proposed, however, funding has not been
forthcoming for the landscaping of this area (Mitchell & Webster-Mannison, 1997).
The sizing of the wetlands was based on the volume of grey water and the required holding
time for the desired treated water quality. Criteria for water quality in relation to plant
nutrients, such as phosphorus and nitrogen, are not important, as these will be in demand
for plant growth in the wetland, evapotranspiration mound, and ephemeral wetland. The
criteria that are critical relate to pathogenic organisms, indicated by presence of coliform
bacteria, and extent of decomposition of organic matter, indicated by biochemical oxygen
demand (BOD). Salinity, indicated by specific conductivity, is of interest for long-term
management of the systems (Mitchell & Webster-Mannison, 1997).
It was very difficult to estimate the residence time of grey water in the system because of
the diversity of sub-surface flow paths that develop through the wetlands. The
Illustration 3.70: Evapotranspiration mound (2000)
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unpredictability of the effect of temperature on the rate of decay of organic matter is further
complicated by the lack of precise measurement of quantity and composition of the organic
matter. Therefore, accurate calculation of the range of residence times required for the
wetland treatment systems is not possible. Consequently, the wetlands are sized for a very
generous retention time in relation to the volume of effluent to be treated and this also
allows flexibility for the variations in inflow caused by fluctuating use of the facilities
through the University year.
The projected volume of weekly inflow was calculated by two methods (Figure 3.5). In
Method A, Esler and Associates provided an estimate based on the projected occupation
and use of the buildings by staff and students using traditional engineering methods. This
was problematic, as conventional methods estimate the demand for water to minimise risk
of failure in supply, rather than the likely volume of water actually used. Method B used a
survey of the frequency of use of toilet, shower, hand washing and kitchen sink facilities by
staff and students during a two-week period. Measurements were made of the actual
volumes of water used for different hand washing, showering and dish washing activities.
FIGURE 3.5 Water Use Estimates (SEIS precinct during teaching period)
Grey Water Source Method A
(L per week)
Method B
(L per week)
Wash basins 6,333 735
Showers (at 6 uses/ week*) 420 240
Kitchen sinks 75 480
Cleaners sinks 32
Composting toilets (at 15L/100 uses) 60 68
Total 6,888 1,555
(Mitchell & Webster-Mannison, 1997).
The critical discrepancy between the figures, relating to water use from wash hand basins
and sinks, highlights the first of a series of factors that led to the over design of the system.
Conscious of the potential for overestimating use, the final design was based on a critical
review of the data by Esler and Associates, applying a safety factor of 1.5 to measured
flows. This yielded a predicted outflow of 1.7 cubic metres per week, raised to 2.6 cubic
metres per week by the application of a safety factor and rounded up to a design volume of
3.0 cubic metres per week (Mitchell & Webster-Mannison, 1997).
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Dedicated drainage systems and storage for appropriate disposal will manage future
development of laboratories, photographic studios, or other facilities that may produce
noxious effluent. Depending on the characteristics of this waste stream, it may be possible
to manage with pre-treatment prior to release to grey water system or stored for disposal
off-site.
Documentation
Chris Wicks of the NSW Department of Land and Water Conservation (DLWC) prepared
documentation for construction of the pilot wetland systems. DLWC surveyed the site.
The system is sited above any flood prone areas based on the 1 in 100 year flood line. The
slopes range from 3 to 10%. The slope is used to advantage for gravity feed for each
component. The site for the residential precinct has a westerly aspect and sites for the
School of Environmental and Information Sciences Precinct and the Core Precinct have a
northwesterly aspect. Buffer distances of at least the minimum required separation of 50
metres between the treatment systems and the stormwater connection system, and 800
metres between the treatment systems and rivers and streams, are maintained.
A water balance based on historical precipitation and evaporation data for the region was
calculated to determine the final design of the evapotranspiration mound and ephemeral
wetland that form the disposal stages in the system.
The geotechnical investigation by Coffey Partners International Pty Ltd in March, 1996,
showed that each of the sites were suitable and were unlikely to lose water by infiltration.
Further tests prior to and during construction, by DLWC, confirmed that an impermeable
membrane or soil impaction would not be required over the excavated base of the
reservoirs.
Grey water enters near the surface of the wetlands, filling from the bottom, and is drained
at the lowest point furthest from the entry point. The substratum is 7 mm of washed,
crushed river gravel to provide a relatively low hydraulic resistance and to encourage root
growth. The floor of each wetland and walls, at inflow and outflow points, is 50-100 mm
river pebbles to facilitate distribution of the effluent through the system and drainage
through regions of low hydraulic resistance. Root growth will take up an increasing
proportion of the interstitial space that is, therefore, difficult to calculate.
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3.7.2 Construction and Operation
Construction
The grey water treatment systems in the three precincts were commenced in November
1998 and completed in January 1999. Chris Bothsmar, of DLWC and the same works
manager as for the stormwater system, showed enthusiasm, efficiency and initiative in the
construction of the grey water systems. The plans, although based on detailed surveys,
were here again altered on site with the contractor. Walking the site with Chris Bothsmar
determined the final positioning and shape of the components. This allowed for an on the
ground assessment of landform and vegetation. The shapes were kept simple, mainly to
simplify construction, as the tender had been very competitive. If increased funding had
been available, complex shapes emulating natural systems, would have been possible.
However, critical for approval of the project was the need to demonstrate cost
effectiveness, and there was a perceived risk to the approval of the project in arguing with
university administrators for additional money on aesthetic grounds.
It was difficult, during construction to maintain a precise volume in each component of the
system. An attempt was made to estimate the interstitial volume of each trench in early
January using the known volume of the NSW Rural Fire Service’s Thurgoona Fire Tanker.
It was obvious from this experiment that, as a result of the safety factors built into the
design, the system had a larger capacity than necessary for the volumes of wastewater it
was likely to receive.
The system could not be planted until it was possible to fill it with water. Consequently, the
three treatment wetlands were only planted in mid February, and the evaporating mound
planted out during the last week of March 1999. Planting of the ephemeral wetland took
place a bit later. The initial absence of plants in the system was not expected to adversely
affect the safety of the system due to the ability of the gravel matrix to clarify the water and
provide an inhospitable environment for any pathogenic bacteria and adsorbing many
dissolved minerals.
Operation
Considerable safety factors are built into the design of the grey water treatment system.
The monitoring program is tailored to meet the essential requirements of the regulatory
authorities and to assess the performance of the system with the aim of improving its
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design and operational efficiency. The program was determined in consultation with the
Department of Land and Water Conservation, Environment Protection Agency, and
Department of Health, and Albury City Council. The essential monitoring determines the
potential discharge from the campus into six- mile creek and the ground water depth and
quality in the vicinity of the grey water treatment systems. The performance monitoring
evaluates the functioning and effectiveness of the system.
The program is measuring the volumes of water being used and waste water generated,
chemical quality of the water, prior to and after its use and after different stages of the
treatment process, possible pathogenic content and the physico-chemical and biological
nature of the reservoirs, swales and wetlands.
Samples are collected at the inflow to the system at the valve directing flow to the primary
wetland from the building complex, the outlet from the primary wetlands, outlet from
secondary wetland, and direct from the ephemeral wetland. Every 3 months the samples are
analysed for thermo-tolerant coliforms, chemical oxygen demand, total nitrogen, total
phosphorus, pH, dissolved oxygen, conductivity, turbidity and temperature, and every 6
months for biochemical oxygen demand. The results of the monitoring program are
discussed at the end of Chapter Four in Section 4.3.
The potential for pollution from discharge into Six Mile Creek is checked when the water
level is within 1 m of the overflow outlet of the lowest reservoir and at monthly intervals
thereafter while the water remains at, or above, this level. Discharge will only occur from
the campus in years of high rainfall, when all the reservoirs are full and frequency will also
depend on vegetation cover and the extent of water use, both of which will change as the
campus develops.
Of particular interest to the Department of Land and Water Conservation, was the potential
for pollution or changes in the level of groundwater. A piezometer for groundwater
monitoring is installed, at a depth of 15 metres, on the north east side of the lowest grey
water wetland, the one serving the SEIS precinct, on the down gradient side of the
transitional wetland. Groundwater was not intercepted at a higher level. The piezometer is
sampled every 3 months for nitrates, salinity and groundwater levels. Like all biologically
based systems, constructed wetlands require a period of growth and development before
they achieve optimum performance. This is likely to be of the order of 2 years. However,
as these systems have been designed to cater for a continuing growth in water use, they are
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over designed for the initial period. Thus performance is expected to be satisfactory during
the time the system is maturing. This expectation is borne out by considerable previous
experience of these systems, which has shown that satisfactory treatment can occur from
gravel alone when the systems are new.
The wetland plants were fertilised during establishment, as the gravel, of course, does not
supply any nutrient. The liquid drain from the composting toilets feeds into the grey water
line and this may supply enough nutrient once the plants are growing vigorously. The
wetland plants will need to be harvested if excessive biomass inhibits the growth of new
shoots; however, natural wetlands are not harvested so it may be that as the systems mature
harvesting will not be necessary.
During design it was hoped that the treated water could be recycled, most simply by adding
to the stormwater harvesting system. However, the regulatory authorities were concerned
by the potential variability in the performance of a biologically based treatment system, and
set a minimum of a 2 year monitoring period prior to any reuse of the treated greywater. A
satisfactory quality of the treated greywater water was established for the range of
conditions that may be experienced over a two year period, and the water was released into
the stormwater system for re-use.
Insufficient oxygen provided to the substratum and short-circuiting flows of partially
treated water contaminating well-treated water at the outlet of the system are the two most
likely potential problems. The design intent is that intermittent loading of the system will
alleviate the short-circuiting and that oxygen will be drawn into the interstitial spaces in the
gravel bed by draining the systems prior to loading them again.
The efficiency of the system may be enhanced, to adapt to greater loads or for experimental
reasons, by more thorough mixing of the water through the root zones. For future
flexibility, slotted pipes have been installed at the bottom of the gravel matrix to provide
aeration, by attachment of a wind driven pump. The potential acceleration of aerobic
decomposition processes and the efficiency of plants to absorb nutrients due to the effect of
added oxygen and circulation of grey water within each pond might then be studied.
Another method being investigated is to circulate solar heated warm water through black
plastic pipes placed at the bottom of the wetland to induce convectional currents in the
wetland systems.
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Contingency plans have been formulated to deal with any untoward events that may arise
on the campus in respect of the water management systems, as indicated below.
Given the generous safety factors used in determination of the design, the system appears
to be larger than required which will result in the drying out of the wetlands. Although the
selected plants may tolerate dry conditions, it may be necessary at times to supplement the
wetlands with recycled stormwater through release from the supply reservoirs. In the
longer term, more grey water could be added as future development takes place and the
capacity of the systems is demonstrated. Under current conditions, the possibility of
overloading the system is very unlikely. However, water could be pumped out from the
ephemeral wetland and discharged to sewer in the event, say, of increased inflow, or high
rainfall and low evaporation. If surplus is a consistent problem or if there is future
expansion of facilities, then additional wetlands will be constructed.
The ephemeral wetlands are the only part of the systems to contain exposed water. If
monitoring presents any cause for concern regarding contamination, they will be fenced
off. The system has the flexibility to operate effectively with a single primary treatment
wetland. Therefore, the release of herbicide, grease, oil, or other chemicals resulting in
contamination can be dealt with by switching to the use of the second primary treatment
wetland while the affected wetland is rehabilitated or replaced.
Review of the initial monitoring period set benchmarks that identify critical sampling
times, sampling sites, and sampling frequencies, at least provisionally, for future
monitoring of the systems. Over time the minimal levels of monitoring will be identified
to manage the system in an informed and accountable manner.
Ultimately, the aim is to demonstrate that the treated water is safe for re-use and show that
such systems are economically and environmentally sound. The results indicate that the
system is functioning and performing successfully. Water quality meets the required
standards, and is likely to improve as the reeds become more established in each of the
treatment wetlands (Refer Section 4.3).
Costs
Invitation to tender on construction was by public advertisement and two tenders were
received. The Department of Land and Water Conservation were the lowest tenderer at
$50,985 (1998 prices) by some 700%.
175
The price differential is difficult to explain, as there are probably a combination of factors.
DLWC were the lowest tenderers on the previous stormwater treatment system and the
highest tenderer was 300% greater in price. Both contractors raised some question of the
quantities and certain aspects of detail for clarification, but given the difference in price,
this did not impact on the tender selection. The higher price appeared to be based largely
on imported fill and turf, whereas DLWC proposed creating suitable mixes on site and
seeding of grasses. DLWC had a simpler approach to the use of equipment.
The landscaping was not included in the tender, but carried out by Ian Hume of CSU, for
the cost of the water plants only.
3.7.3 Composting Toilets
‘Clivus Multrum’ dry composting toilets are installed on the campus (Illustration 3.71-
3.72). The NSW Health Department approves the Clivus Multrum Humus Closet, a
Swedish design. At the time of design for Stage One, five types of composting toilets were
identified in the marketplace, of which three were approved for installation in New South
Wales. The probability of risk of contamination from composting toilets is less than from
conventional flushing toilets which produce bacteria laden aerosols when flushed and are
shaped with an S-bend, which promotes soiling (Mitchell & Webster-Mannison, 1997).
Dry composting toilets use no water and are odourless if correctly designed, constructed,
and maintained. The high temperatures and dry conditions of the decomposition of faeces,
under aerobic conditions, kills pathogens and releases the oxides of carbon, hydrogen and
nitrogen to the atmosphere (Mitchell & Webster-Mannison, 1997). The remaining bulk is
dry and friable and similar in appearance and smell to garden compost. Urine and other
liquid is treated as it passes through the decomposing material and converted to a nitrogen
Illustration 3.71: Composting toilet basement (1999) Illustration 3.72: Composting toilet (2003)
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rich liquid (Clivus Multrum, 1996). This drains from the sloping base of the composting
toilet unit and is connected to the grey water line. Wood shavings are added as a bulking
agent, on a regular basis, to provide a source of carbon for the decomposing organisms,
porosity, and absorption of liquid. The amount of liquid varies with evaporation rate
largely linked to climatic conditions. The liquid is innocuous and monitoring results from
Clivus Multrum Australia Pty Ltd indicate a mean faecal coliform count of less than 6
organisms per 100mls.
Routine procedures for the daily maintenance of the cleanliness and operation of these
systems are in accordance with the manufacturer's recommendations. If the composting
toilets become too wet or there is too much nitrogen present, a smell of ammonia will be
noticeable from the composting chamber. The addition of dry carbonaceous matter, such
as torn strips of paper, grass clippings, or wood shavings will solve this problem. The dry
composted material is removed, approximately every two years, and it is shallow-buried in
a location agreed with the Health Department. The frequency of removal will be subject to
review.
Clivus Multrum Australia Pty Ltd is monitoring the end product and the results are
reviewed periodically with the approval authorities. In the event that the results of these
tests are unsatisfactory, the material will be transferred in sealed containers to the Sewage
Treatment Works.
3.7.4 Staff Involvement
The staff have established a set of guidelines for living in the buildings. These guidelines
have been provided to all staff, students, residents and visitors.
Ideally organic waste from food and kitchen will be placed in labelled bins for removal by
an approved contractor who will have the waste composted. Soaps, washing liquids and
chemicals used for various forms of cleaning are selected for compatibility with the system.
The effect of different substances on the quality of effluent may be monitored.
The monitored data from the grey water treatment systems is being studied by various
research projects to evaluate different components of the system. These projects may also
collect additional data that will provide an improved knowledge and understanding of the
system. An information base is being established about such to be available to other
interested parties and relevant to teaching courses.
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3.7.5 Landscape- Phytogeographic Arboretum
The overall landscape plan nominates the Stage One area as the Japanese and Chinese
segments of the phytogeographic arboretum (Illustration 3.73- 3.74). Initially only the area
between the specialist teaching building and the offices was to be landscaped due to budget
constraints. It was also determined that the main pedestrian spine would not extend
between the herbarium and the offices until
the next precinct was developed.
The landscape plan for the Japanese area was
prepared and executed by Jan Waddington, a
local horticultural consultant. The paths were
designed by the Office of Design, with input
from Brian Lord, Head, School of
Environmental and Information Sciences, to
reflect the Japanese style (Illustration 3.75).
3.8 Teaching complex (Stage Two): 1998-1999
The construction of Stage One was well under way when, at the end of 1997, the
University decided to construct a general teaching complex. The University supported the
continuation of the exemplar environmentally sensitive design approach. At the July 1998
meeting of the Board of Governors, the architect reported on the progress of the Thurgoona
campus, and conducted a site tour. The Board commended the Director for the ‘innovative
and sensitive manner in which the developments impact on the site’ and approved the
construction of the Lecture Theatre Complex (BG98/109, Board of Governors Minutes, 10
Jul 1998).
Illustration 3.73: Phytogeographic arboretum- Japanese
section (2002)
Illustration 3.75: Phytogeographic arboretum- Japanese
section- paths (2002)
Illustration 3.74: Phytogeographic arboretum- Japanese
section- detailed planting (2002)
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The previous projects highlighted the frustration of engaging consultant architects for
documentation. The architectural documentation of Stage Two was undertaken in-house
by the Office of Design.
3.8.1 Design process
Brief
The first step was to determine the exact nature of the facility. An analysis of the space
usage of existing facilities by the School of Environmental and Information Sciences and
the School of Business was conducted based on the time-tabled usage of existing space on
the Thurgoona and Albury campuses. The results indicated that to meet the projected
needs of the two Schools the facility should comprise a 200-place and a 100-place lecture
facility, two 60-place flat-floored teaching spaces and two 30-place tutorial rooms
(Illustration 3.76-3.77). Discussions with staff indicated that the predominant teaching
methods were traditional lecture style presentations. The University determined that this
need must be met, although the pedagogical approach was in a state of change.
The Dean of Studies raised serious doubts as to the legitimacy of the proposed inclusion of
a tiered lecture theatre. Others shared these concerns, which centred predominantly on the
restrictive nature of a traditional lecture theatre and the advantages of more flexible, flat-
floored space. The functions identified as important were suitability for examinations,
formation of small groups, performance space for voice, instrumental, and non-traditional
theatre and display area. Specifically requested was a flat floor space, potential for data
networking to seating, toilets and servery area and foyer. A cost of $9000 for rental of off
campus space for examination periods was cited (Woolley Memo, 4 Dec 1998).
Concept
The existing 100-seat lecture room on the campus was a temporary fitout of the
Administration Building. The constraints of the existing ceiling height offered limited
opportunities for tiered seating. There was also debate and conflicting views regarding the
advantages of flat-floored teaching space. Discussion with staff highlighted the
difficulties inherent in the provision of satisfactory flat-floored environments for groups of
more than 60.
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The solution was a space with three tiers each able to seat either two rows of students at
desks in the traditional lecture mode or re-configuration of furniture to form tables for
small group seating. This room was well used and feedback on the design was very
positive. The intimate nature of the space, as well as good sightlines, were particularly
appreciated. The movable furniture also suited use for exams by allowing individual
desks for each student.
Illustration 3.76: CD Blake Lecture Theatre- ground floor plan
Illustration 3.77: CD Blake Lecture Theatre- first floor plan
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The concept plan resolved these conflicting
pedagogical interests by the detailed design of
each space to best suit the stated functional
requirements. The 200-seat lecture theatre
was shaped to provide the most intimate
possible seating layout within the constraints
of the desired sightlines to the stage
(Illustration 3.78).
The seats were a swing-away style with a continuous bench top providing flexibility for use
in exams and more bench space for use of laptops. In exam mode 100 students may be
accommodated by leaving every second seat empty and thereby allowing suitable space for
each student and their materials as well as separation between students. The seats each
have an electrical outlet and cater for the future provision of data cabling. A sound control
booth, stage lighting bars and state of the art audio-visual facilities serve the needs of
lectures, conferences, performances, film projection and video production. Video
production is in increasing demand as the University moves towards the distribution of on-
line courses and course material. The acoustic quality deliberately designed to be relatively
live satisfies the range of requirements for amplified and unassisted music and voice. The
theatre meets the legislative requirements for licensing for a ‘Place of Public
Entertainment’ which provides the flexibility to charge for entry, often important to
conference, performance, student, and community groups.
The 100-seat theatre is modelled on the design of the existing temporary facility due
to the advantages of flexibility of use to suit different teaching modes. It likewise
has excellent audio-visual facilities and multiple electrical and data outlets. The 60-
place flat floored teaching rooms can be used in the traditional ‘talk and chalk’ style
with rows of desks, all with good sightlines to a central presentation point, but has
been sized to suit small group teaching of up to sixty. The tutorial rooms provide
for thirty students in rows or seated in small groups.
The foyer interconnects the large theatre, toilets, and tutorial rooms, facilitating the use of
tutorial rooms as ‘break-out’ spaces during lectures and conferences (Illustration 3.79).
The foyer has a sink bench for serving of drinks or informal use by students and staff. A
verandah entry to the foyer extends the space when necessary for large functions or ‘hang
Illustration 3.78: Lecture theatre- interior (2000)
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Illustration 3.79: Foyer- interior (2000)
Illustration 3.81: Foyer- south side (2001)
out’ space between classes. A verandah provides
external access to the other rooms. An audiovisual
storeroom and general storeroom are located
between the 100-seat lecture theatre and one of the
60-place teaching rooms.
The building is one of four complexes that will
ultimately frame the central circular court. The
free yet carefully articulated plan opens to the
landscape through a combination of verandahs and
screened windows. At the building’s heart, the
foyer reads as an almost separate, but pivotal form,
that anchors the rather disparate forms of the earth covered theatre with the two storey
teaching building. The jewel-like quality of the roof that derives from the circular form
housing solar collectors raised on a clerestory ring lends an ornamental vocabulary to a
major public face of the university. The initial appearance of casual and chaotic massing is
misleading. The foyer is positioned for a vista to the only significant stand of remnant trees
on the site, which are also aligned with the breezeway and annular path to the Stage One
Buildings. Dual entry is from either the street front or the great court (Illustration 3.80-
3.81). The teaching building is orientated for solar access, essential for the collectors
mounted on the roof, as well as daylighting. An amphitheatre is carved into the side of the
earth-covered theatre stepping down towards the court and providing a walkway suitable
for wheelchair access to the first floor. The 300mm to 600mm thick rammed earth walls,
punctuated with coloured glass windows, add to the sculptural character.
Each new project at Thurgoona has given rise to advances in the creative thinking and
technological solutions for thermal systems. The teaching complex, although similar in
Illustration 3.80: Foyer- north side (2000)
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most regards, presented a new set of challenges. The complex generally required a faster
response time to maintain comfort conditions throughout more variable occupancy
circumstances.
The passive and active thermal comfort strategies were developed in concert with AEC and
Branco Boilers and Engineering. The concept design process involved a ‘think tank’ where
ideas were presented and adopted, if considered appropriate by the team. These buildings
were not extensively modelled, or documented by a mechanical engineer, as in the case of
Stage One. The key team members agreed on the decision not to undertake detailed
performance modelling. Past experience confirmed both the limitations of trying to
quantify such systems and the validity of decisions based on experience and expertise.
Time constraints further restricted the extent of any modelling exercise. The value of
documentation by a mechanical engineer was also questioned, in light of stage one, where
many details needed to be altered by the contractor. A design and construct contract was
therefore implemented based on a performance description of the system combined with a
selection of excerpts of relevant documentation from Stage One.
Detailed design
The general principles established for the campus in the areas of passive design, use of
resources and water and land management continued to be followed in the design of the
lecture theatre complex (Illustrations 3.82-
3.84).
In terms of passive design, the two storey
teaching building and the theatre operate
similarly to the Stage One office buildings
using thermal mass, night cooling,
supplementary heating and cooling by a
hydronic system and daylighting strategies.
The process elucidated a few innovations not
present in the Stage One buildings. Some
refinements of the system were introduced,
such as a geothermal loop and a dual storage
tank arrangement. Others were a direct
response to the special requirements of the
Illustration 3.82: Lecture Theatre complex- passive
techniques
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lecture theatre, including the buoyancy driven ventilation and the evaporative cooling of
the air intake.
The larger open nature of the teaching facilities compared to the offices, Herbarium and
more intimate spaces of Stage One, led to some changes in the approach to maximising
thermal mass. The theatre is an earth covered concrete barrel vault. A labyrinth of
staggered concrete block blade walls support the seating tiers. The two storey building
combines the use concrete band beams integral with the thick ribbed, concrete floor and
ceiling slabs and thick structural rammed earth walls.
Another significant influence on the form was the acoustic input. The theatre was altered
from a fan shape derived from the sightlines to the stage, to a rectilinear form to improve
the lateral reflections to the audience, resulting in a relatively even distribution of reflected
sound. The internal envelope, particularly the combination of the concrete barrel vault and
side walls, works to evenly distribute reflected sound throughout the audience. The rake of
the seating was optimised to provide each row with the same solid angle of exposure to the
speaker. The walls are angled either side of the stage to contribute additional reflections
along each side of the seating area.
The floor coverings, carpet in the aisles, and linoleum in the seating areas, are proportioned
and placed for the most satisfactory reverberation times at the mid to high frequencies. A
Illustration 3.83: Lecture Theatre complex- materials Illustration 3.84: Lecture Theatre complex- water and
land management
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combination of perforated and solid plywood
stud walls with wool insulation is used for
construction of the sound booth to form a low
frequency absorber to reduce low-end
reverberation times. A random arrangement
of 20-80mm timber sections, running
perpendicular to the direction of the sound
waves, is fixed to the ceiling at the rear of the
theatre (Illustration 3.85). This is to diffuse
the mid to high frequency sound, preventing cue-ball echoes off the ceiling in this area and
off the back wall. The plenum is intended as a bass trap, although evaluation during
various types of use will determine the need for acoustic treatment of the blade walls.
Acoustic treatment may also prove necessary to acoustically decouple the spaces and
attenuate noise infiltration through the air vents.
The geothermal exchange system is intended for transitional use between seasons, when
the demand for heating or cooling is relatively nominal. This allows a long refresh period
at other times, which is important to prevent the system overheating. Twenty-five mm
diameter HDPE pipework is laid horizontally 1.2 m deep under the buildings for
circulation of water from the hydronic system.
The dual tank arrangement accommodates shoulder periods, allowing the system to switch
from heating to cooling mode when required. During shoulder periods one tank will store
hot water and the other cold, while at the peak of the seasons the tanks will be used solely
for heating or cooling. Roof mounted solar collectors, with a natural gas-fired back up
provide the hot and cold water. In cooling mode, the water tanks store cold water obtained
overnight by circulating water through both the solar collectors, when the ambient
temperature is less than the earth temperature, and the geothermal exchanger.
The two storey teaching building incorporates
shading specific to the window orientation,
ribbed concrete ceilings, and ceiling fans
(Illustration 3.86). The thermal chimney
serves the lower floors with individual vents
that combine at first floor ceiling level and is
Illustration 3.85: Acoustic treatment (2003)
Illustration 3.86: Teaching building- interior (2000)
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acoustically treated with a combination of perforated and rough faced plywood. The first
floor high level ventilation is by clerestories. The clerestory louvres are protected from
back draught of prevailing winds by windshields.
The theatre is naturally ventilated using the principles of buoyancy driven ventilation to
create natural air displacement (Illustration 3.87). The hot air rising from the people, lights
and equipment, is exhausted through a thermal chimney located above the stage. Exhaust
louvres modulate the exhaust to maintain comfort conditions
and minimum fresh air requirements. Rain and wind sensors
adjust the louvres to control rain penetration and draughts. A
carbon dioxide sensor mounted in the thermal chimney
monitors air quality and modulates the fresh air intake,
considerably reducing the heating and cooling loads. Fresh air
enters the theatre through a plenum under the tiered seating and
is distributed to the occupants through vents along the tiers
(Illustration 3.88-3.89).The high thermal mass of the concrete
floors and roof, rammed earth, and concrete block walls of the
thermal labyrinth, and the earth covered theatre absorb thermal
energy and thereby passively contribute to the temperature
control of the building (Illustration 3.90).
An automated night purge cycle removes
stored heat and flushes out the space with
fresh cool outside air. The theatre has
hydronic pipework embedded in the concrete
tiers and the stage. For localised comfort, pre-
treated air from the plenum is transferred toIllustration 3.90: Earth covered roof (2000)
Illustration 3.87: Lecture Theatre complex- section
Illustration 3.88: Plenum (2003)
Illustration 3.89: Vents (2000)
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the stage area through underfloor ducts. Fans located in the
floor ducts assist the movement of cooled air to the stage.
A waterfall with spray mist and rainfall sized drops, located
directly above the air intake louvres to the plenum, provides
evaporative pre-cooling (Illustration 3.91). Two perforated
stainless steel trays are staggered to cascade into a two-tiered
pond. The ponds flank the north and south entry to the foyer.
The level of the pond is by necessity below the plenum floor,
relative to the foyer entry level, and so the pond is stepped up
to the entry level. The recycled glass from the New South
Wales State library is used to form the edge of the upper pond over which the water flows.
A channel passing through the foyer that is bridged with the recycled glass interconnects
the upper ponds. The water is supplied from the rainwater tanks in both Stage One and
Two buildings and cleansed in a small wetland for re-use in the system.
The lighting strategy in the lecture theatre is for task lighting to the seats and general
lighting for circulation by pelmet fittings at the sides of the theatre and floor lights to the
nosing of the stairs. The stage area may be simply lit from individually switched
downlights when the more elaborate theatre stage lighting is not required. The thermal
chimney, directly over the stage allows for daylighting or blackout conditions through
automated blinds.
Task lighting fixed on the bench tops allows
lighting directly to the work plane and
reduces heat load compared to trying to
provide the same level of light from ceiling
hung fittings (Illustration 3.92). Due to the
raked form of seating, lighting from above
would need to be hung high to maintain
sightlines, causing awkwardly high light
levels for viewing the projection screen and so is avoided. Convenient replacement of
bulbs is another distinct advantage of bench top task lighting. The policy for replacement
in other similar University facilities is to wait until light levels become problematic and
then replace all fittings. This is the solution to difficult access and the time consuming,
Illustration 3.91: Evaporative pre-
cooling (2000)
Illustration 3.92: Task lighting (2000)
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potentially dangerous and sometimes expensive nature of the job. Scaffolding needs to be
hired and erected for access in some facilities. The desk lights can be individually
controlled by a switch on the fitting, or universally turned off at the lectern. By facilitating
the use of only those lights required, further energy savings are achievable. All general
lighting may be controlled from the lectern or sound control booth. The pelmet lighting is
a variation of the perforated stainless steel light fittings designed for Stage One.
Lighting in the smaller teaching areas uses the same fittings and control strategies as the
teaching spaces in Stage One, with the addition of pelmet lighting. Daylighting is
enhanced by the generous windows and clerestories moderated by sun and windscreens,
venetian blinds and blackout shades.
Documentation
A combined Development and Building Application was submitted mid August 1998 and
approved in early October. The project went to tender in late August.
The short two month design period flowed straight into documentation that substantially
commenced in June. A distinct advantage of in-house design was the early engagement, in
April, of engineering, acoustic and thermal consultants.
3.8.2 Construction
The University wanted occupation of the complex by July 1999. The Building and
Grounds section did not feel confident that the usual CSU construction management would
deliver the project in this time frame. The advantages of a lump sum project method had
been promulgated by various university administrators due to the perceived advantages of
reduced complexity of the process and potential for savings in cost and time. The project
was tendered as a lump sum contract to pre-qualified tenderers selected through a process
of evaluation of expressions of interest. The thermal systems remained as a design and
construct contract with Branco Boilers and Engineering.
The main difficulty presented by the change in delivery method was the lack of expertise in
the Building and Grounds section in administration of this form of contract. The section
was void of architects or engineers; the Director of Building and Grounds who was the
Superintendent nominated under the Contract, lacked both experience in architectural
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projects and sufficient time for the task. By default, the key responsibilities rested with the
construction supervisor, Mark Orton.
CJC Construction, the selected contractors are one of the largest building firms in the
region and fairly astute in their contract management practices. The process stressed the
CSU resources and handover of the building was not achieved until December 1999. The
contract went into dispute over a number of serious claims.
3.8.3 Landscape
Consistent with the overall landscape plan which nominates the core precinct as the
Australian segment of the phytogeographic arboretum, the area around the lecture theatre
used plants endemic to the locality
(Illustration 3.94). The landscape plan for the
lecture theatre complex was prepared by
Sandy Creek Trees Nursery.
The earth roof was grassed with Dyrarna
which is a coastal species, but the only native
grass available as a turf.
3.9 Conclusion
3.9.1 Understanding the design process
During the course of the work on Thurgoona a number of attempts were made to create a
chart of the environmental design criteria. This was used as a tool to present a rationale to
the University Board, User Groups, to brief consultants, to familiarise all those involved
with putting green philosophy into practice, to include as supplementary information when
entering awards, and to inform people about the design process generally. The
Environmental Design Criteria (Figure 3.6) was as far as this process advanced within the
project. In parallel with the design of this campus the architect was recording information
for this thesis.
These design criteria, although over-simplified, provided a useful reference in the design
process in two key ways. Firstly, the chart was used as an explanatory device that linked a
Illustration 3.94: Pytogeographic arboretum- Australian
section (2003)
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set of principles to the design criteria that formed the basis of the site planning and
architectural outcomes. As the principles had already been well accepted by the University,
and the linkage of principles to the criteria was clear, support for the design proposals was
substantiated. Given that the deeper significance of the site planning and architectural
outcomes was expressed and highly visible, it was easier to make a direct connection with
the starting point of the basic set of principles. Secondly, the strategy gave unambiguous
direction to the consultants and the design team.
This chapter told the story of the design and construction of the Thurgoona campus from its
inception in 1994 through to the completion of the first major buildings in 1999. The story
is a valuable resource of and for the profession; informing students, educators and
practitioners about the very act of designing. The reflective narrative form of the story deals
realistically with the changing and conflicting conditions faced by the architect, and thus
escapes the static, remote description of the products of architecture typically found in
books, journals, electronic media, lectures or exhibitions.
The following chapter looks more closely at the architectural design process, to reveal the
knowledge that is embedded in the detail, performance outcomes and critical reception of
the Thurgoona campus. The story briefly touches on some of the subsequent developments
during the years 2000-2005.
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FIGURE 3.6 Environmental Design Criteria
PRINCIPLES SUMMARY DESIGN CRITERA
Minimise environmental impact
Minimise level of
interference with
‘natural’ systems: water,
earth and air
 Evolve plan from some sound thinking about the environmental framework and the
organisational requirements of the brief, in relation to an analysis of overlays of the
existing conditions vegetation, drainage, topography, climate, geology and soil
conditions, services
Minimise pollution of
soil, air and water
 Make early decisions favouring passive techniques, water and soil conservation and
atmospheric hygiene
Maintain and where it
has been disturbed
restore biodiversity
 Enhance opportunities for conservation of ecosystems, habitats and species
Increase awareness of
environmental issues
 Make solutions visible to challenge building users to examine the underlying social,
scientific, and cultural connections that operate, and how they cause environmental
degradation
 Engage in research
 Seek publicity
Responsible Resource Management
Minimise the depletion
of ‘natural’ resources,
especially non-
renewable resources
 Reduce pollution and greenhouse gases by passive design and materials selection
which consider embodied energy, sources and production
 Consider that timber construction stores carbon, whilst the use of some materials,
such as steel, release carbon to the atmosphere
 Reduce operational energy consumption such as heating, cooling, ventilation, lighting
and equipment
 Use recycled timber to limit role in deforestation
 Implement soil and water management plans to counter degradation, depletion of
water supply, and the declining quality of water
 Minimise pollution and waste disposal
Ensure social equity in
the distribution of the
costs and benefits
associated with the use
of resources
 Follow economic theory founded on environmental principles
 Recognise natural objects other than humans as having independent value
 Ensure equity for people and non-humans without market power
 Consider social impact
Maximise the health,
safety and comfort of
building users
 Design, use, and maintenance to promote a healthy building
 Make places that people are happy to be in
 Use non-toxic materials such as natural fibre wool and linoleum floor coverings, wool
insulation, non-toxic paints and timber treatments, mesh protection from termites.
Minimisation of the use of PVC
Low Energy Design
Maximise the passive
use of the building’s
form and fabric to
collect, store and
distribute energy
considering gross and
operational energy
 Thermal mass to act as a heat sink to stabilise temperature or lack of, to ensure fast
response of structure to ambient conditions
 Insulation to reduce the heat loss in the winter and heat penetration in the summer
 Shading of direct sun to reduce heat gain in summer and adjust daylighting for
comfortable use
 Air circulation to assist homogeneous distribution of the air temperature in the room
and for cooling effect
 Cross ventilation for the emission of fresh air and to exhaust heat. Air movement
will also provide a cooling effect
 Night cooling to flush hot air from spaces in the summer
 Heating and cooling design based on an approach to thermal performance that
utilises passive techniques. Appropriate to the climate and conditions; take
advantage of ambient conditions, thermal mass, insulation, high levels of daylighting
and natural ventilation
 Lighting design based on energy conservation and flexibility of individual control
suits variable user requirements by the integration of daylight and supplementary,
direct and indirect task lighting
 Recycled materials used wherever possible
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Chapter Four: Thurgoona campus in detail
4.1 Introduction
Chapter Three introduced the case study of the Thurgoona campus, Charles Sturt
University, and described the outcomes of an approach based on environmental
consciousness.
The primary concern of this thesis is the design of campus style large buildings relevant to
institutional and commercial development in Australia. The Thurgoona campus is planned
`to exceed 30,000 square metres within the next 10-15 years, which places it in the
category of ‘large’ buildings considered as a whole. The philosophical underpinning of the
site planning and design of the campus is based on the presupposition of the larger,
completed project. Actually, it is this very assumption that established the context,
acceptable to the University decision-makers, for the larger scale works such as the
stormwater recycling, greywater treatment, and solar street lighting. As the site planner
and principal design architect of the campus, the author of this thesis is able to provide the
background to decision making in a more studied manner than would be possible with the
European case studies. The design and construction processes are themselves forms of
‘action research’. Chapter Three described the site planning and construction from 1994-99
of the Thurgoona campus which included a number of building types. The intent of the
thesis is to draw on this design experience to enhance understandings about the nature of
design problems relevant to campus style office buildings. Therefore, the SEIS offices at
Thurgoona are chosen for further examination.
This chapter takes a slice through the SEIS office buildings on that campus to focus on a
few aspects of one building development to provide greater insight to the design decision
making process and outcomes. The SEIS office buildings were selected to epitomise the
design process as the experience of designing this building type is the most transferable to
large commercial development, there is more research by others to draw upon, they have a
relatively stable group of occupants, the buildings are typical of the array of buildings on
the campus, and were constructed by the University. Some monitoring of the SEIS office
buildings has been undertaken and analysed, and independent research on occupant
feedback and the design process has been undertaken and published. The occupants are
spend more time in the building compared to the use of teaching space for a few hours or a
one or two semester stay in the residences. The development of thermal strategies applied
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to the SEIS office building is examined in more detail Section 4.2, and some of the key
materials namely, rammed earth, concrete and recycled materials are discussed in Section
4.3.
The slice is reflective, not quantitative. Nice as it would be to have a design example
where the basis of every decision was thoroughly researched and recorded, the reality is
rather different. The design process was constrained not simply by time, but also by the
availability of information, and the design process relied heavily on a committed design
and documentation team prepared to give boundless energy. The decision-making process
was largely a consequence of personal knowledge and understanding of the impacts, risks
and consequences of decisions, rather than systematic analysis. The knowledge, therefore
cannot always be referenced, is largely based on recollection of the process some years
later. Nonetheless, it is useful to draw out some of the thinking behind the detailed design.
A brief description of subsequent developments on the Thurgoona campus gives the reader
further insight into the ongoing developmental nature of the design process described by
this body of work. The chapter concludes with an evaluation of the Thurgoona campus that
explores the thermal performance, water systems performance, environmental
management, occupant satisfaction, peer review, and the ‘learning by living’ experience of
the project.
4.2 Thermal strategies: School of Environmental and Information Science
office building
It is not possible, in a practical sense, to elaborate on every decision stream, although the
description of the case study project in Chapter Three outlines the outcomes. Therefore, a
close look at the development of thermal strategies, and the interaction with the design of
other elements is proffered as an archetypical model of the design process for this building.
4.2.1 Comfort strategies
The building design is based on an approach to thermal performance that utilises passive
techniques as the primary climate control mechanism. Appropriate to Albury's climate and
conditions, the design takes advantage of ambient conditions, thermal mass, insulation,
high levels of daylighting and natural ventilation. As the performance of the passive
measures is evaluated, active systems are introduced and integrated to draw together the
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means of creating a comfortable thermal environment that will meet the expectations of the
occupants.
Simply put the passive design is to make the building form, fabric and use responsive to
daily and seasonal variations to optimise ambient conditions: daylight, natural ventilation,
solar control and views. Incrementally, low energy active systems were introduced to
supplement the passive measures.
Passive design attributes of the SEIS Office building include the following:
- building orientation, in relation to heat loss or gain, ventilation, daylight and views;
- thermally massive rammed earth internal and external wall construction, exposed
ribbed concrete ceilings to increase surface area of thermal mass and improve heat
transfer of surface;
- natural ventilation assisted by thermal buoyancy, openable windows, and internal voids
using the stack effect;
- night purge ventilation strategy for release of stored heat collected during the day;
- external fixed sun shading;
- adjustable internal blinds;
- daylight enhancement techniques (large windows that extend to the underside of the
floor and ceiling slabs, white ceilings to reflect light deeper into space, thermal
chimneys that double as light wells glazing around the void to the floor to increase light
penetration to ground floor);
- management of heat gain from occupants, artificial lighting and machinery.
Supplementary active systems introduced to assist the passive measures include:
- ceiling fans;
- automated louvres under the windows and at the top of the thermal chimneys for
operation of the night purge cycle;
- supplementary heating and cooling by circulation of water through hydronic pipe work
embedded in the concrete slabs using solar collectors to heat or cool water and thermal
exchange with recycled stormwater for additional cooling;
- building automation system (bas) to control active systems.
Thermal comfort
The brief recognised that to meet the expectations of occupants for a narrow band of
thermal conditions all year round was perhaps short term thinking, eccentric in terms of
individual preferences, and based on socially determined precedents. Therefore, the
recommended conditions take into account the following factors:
- thermal perceptions of comfort vary with the climate and season;
- user dress habits vary with the climate and season and nature of work;
- user activity levels vary with nature of work;
- satisfaction with the work area is higher when the level of individual control increases and
design is to allow for individual control of openable windows and air movement for personal
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comfort, sun shading, daylighting and task lighting and space heating (Webster-Mannison,
1996, p. 8).
The design was based on the assumption that the thermal comfort range and occupant
satisfaction needs to take into account factors other than temperature, for example air
movement, humidity, the individuals’ control over their space and connection with the
outside.
Figure 4.1 shows an analysis of the monthly neutrality temperatures (Tn) and mean relative
humidity (RHm) using the recommended working method of Steven Szokolay (p. 22, 2004)
and recorded temperatures and relative humidity (Bureau of Meteorology, 2003). The
temperature limits for 90% acceptability relative to Tn (neutrality temperature) are (Tn-2.5)
˚C to (Tn+2.5) ˚C (p. 21) where Tn = 17.6 + 0.31 x To.av ˚C (average temperature for a
month). Appendix F reports the weather data for Albury available from the Bureau of
Meteorology.
FIGURE 4.1 Monthly neutrality temperatures and mean relative humidity (Albury-Wodonga)
Month Tav (˚C) Tn (˚C) Tn ± 2.5 (˚C) RHam RHpm RHm
January 23.05 25.0 22.5-27.5 63 33 48
February 22.95 24.9 22.4-27.4 67 35 51
March 19.80 23.9 21.4-26.4 70 38 54
April 15.30 22.5 20.0-25.0 79 46 62.5
May 11.60 21.3 18.8-23.8 90 60 75
June 8.55 20.3 17.8-22.8 94 69 81.5
July 7.65 20.0 17.5-22.5 93 68 80.5
August 9.05 20.5 18.0-23.0 89 61 75
September 11.40 21.2 18.7-23.7 82 57 69.5
October 14.30 22.2 19.7-24.7 74 49 61.5
November 17.65 23.2 20.7-25.7 71 42 56.5
December 20.75 24.2 21.7-26.7 64 37 50.5
An analysis of the SEIS building at Thurgoona by Peter Taylor (p.6, 2004) determined that
the ASHRAE 55 working method recommends an acceptable range of summer operative
temperature of 23˚C-26˚C ET* lines. The psychrometric chart would therefore give the
corresponding operative temperatures based on 30% humidity at 3pm to be 23.5 to 26.80C
assuming a clothing level 0.5 clo, activity as 1.2 met and air movement up to 0.15 m/s
(p.6). Given the neutrality temperatures calculated using Szokolay’s recommended
working method, and the presence of a fan and an openable window in every room,
Taylor’s range appears low. However, it is accepted as a reasonable guide to a comfort
range that most people expect.
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Furthermore, the comfort range does not allow for the potential influence of the mean
radiant temperatures of the surfaces around a person. Thermal mass will help make the
mean radiant temperature lower in the summer with the result, it is assumed, that higher air
temperatures may be tolerated.
Climate data
Hourly weather data was required for the simulation of the thermal performance. The data
required included radiation, temperature, humidity, sunshine duration and wind speed and
direction. The Test Reference Year weather data was based on Wagga Wagga and chosen
by an approved ASHRAE procedure (AEC, 1998). Although Albury is generally a bit
cooler than Wagga in the summer and winter, it was considered that the deviation due to
the location will be small compared to the potential deviation from year to year (AEC,
1998).
Occupancy
The buildings will not be fully occupied at all times, but people do work extended hours,
and use is rather unpredictable. The slab heating is maintained for a 24-hour period as this
appeared to provide the most efficient temperature control (AEC, 1998). If the slab was let
to cool down, the energy required to heat it up again was more than that required to
maintain the temperature. Therefore, the decision to heat the building over the full 24-hour
period was not difficult and is a bonus to those working outside the usual office hours.
Although there was no brief or attitude of the University in relation to the feelings of the
occupants, the designer had in mind from the start to create healthy office accommodation
that fostered greater communication and creativity in staff. From the outset that meant
openable windows, daylight, views to the outside world, fresh air, and places for people to
meet and socialise.
4.2.2 Passive concepts
Orientation and building form
The climatic considerations of solar access, daylight, and natural ventilation played a
significant role in determining the orientation and form of the building. The range of roof
forms, pitches and shading devices, although varied, are used consistently throughout the
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campus and contribute to the development of an architectural language for the campus.
The roof forms distinguish these buildings; it is more than just an architectural statement.
The roof design was a response to the
minimisation of materials and the
requirements for mounting solar collectors
(Illustration 4.1). In section, the continuous
roof profile of 37° to the north allows direct
mounting of the collectors. This avoids
problems of cleaning and bird nesting
between the roof and underside of the
collectors and effects of wind uplift. Visually
the collectors are integrated with the roof. The minimum pitching point of 2.7m from the
inner edge of the majority of the external wall and a lowering of the roof pitch on the
southern side reduces materials usage. However, the consequence was to reduce the extent
of concrete slab over protruding offices to north and additional sunshading. Thermal
modelling did not indicate that the reduced thermal mass to these rooms would be critical
(AEC, 1998).
The thermal chimneys are the outlets for the hot air and provide enhanced daylight
penetration to the interior of the buildings. Natural ventilation and daylight were essential
factors and probably the most influential force in the search for an appropriate roof form.
In the case of the single storey buildings, the undulating roof form that floats above the
plane of linking verandahs was shaped by the ventilation and lighting objectives, but also
by the size and optimum angle of the solar collectors (Illustration 4.2). It was felt that a
tall room where air could enter at a low level and
leave above the occupied level, coupled with a high
level of south light, had some distinct advantages.
Buoyancy driven cross ventilation relies on heat
gain and the difference in height between the inlet
and the outlet.
The form is the culmination of an integrated
environmental and engineering design strategy
influenced by passive factors such as solar shading,
thermally massive construction to dampen
Illustration 4.1: SEIS office building- roof form (2003)
Illustration 4.2: SEIS specialist teaching building-
roof form (2000)
197
temperature fluctuations, exposed surface area for heat transfer, adequate volume for
ventilation flow, height of rooms for stratification, and the means of controlling air flow
during the day and at night for pre-cooling of the exposed structure. The detailed building
dimensions, on the other hand, generally related to the incremental dimensions of rammed
earth construction and standard window sizes. Every facet of the design has a clear
purpose, even if it is for fun. The importance of the role that intuition plays in the design
process should not be underestimated. The intuitive integration of these factors into a
cohesive architectural form was then tested by a process of thermal modelling. No
substantial change resulted from the process, although it provided a justification for the
less conventional aspects of the design that was an important reference in the approval
process.
Thermal mass
Albury has a large annual diurnal temperature of 15-36 ˚K, and sometimes even more, in
the summer and 4-18˚K in the winter. Thermal mass was therefore a logical choice as a
passive strategy to suppress the swing of the ambient temperature and stabilise the internal
temperature. The thermal mass of the rammed earth walls and concrete floors and first
floor ceiling slab acts as a heat sink to stabilise room air temperature. The base model
assumed 200mm internal walls and 300mm external walls (Figure 4.2).
FIGURE 4.2 Thermal modelling- Base Model (temperature cumulative frequency (Hrs) per
Annum)
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Walls
The impact of increasing the external and internal mass was modelled. Option 2 modelled
the increase in wall mass to 300mm internal walls and 400mm external walls and
determined that this would significantly benefit the performance (Figure 4.3).
FIGURE 4.3 Thermal modelling- Option 2: increase wall mass (temperature cumulative frequency
(Hrs) per Annum)
The architect believed that insulated or internal thermal mass would be the most effective
in stabilising the indoor temperature. However, there were other factors to consider as
well. The external insulation of the exposed rammed earth walls was not affordable within
the budget. Rammed earth was selected as the most environmentally sound and affordable
thermally massive material. To be economic in terms of construction and structural
design, the rammed earth walls were un-reinforced and load bearing respectively. In this
context, a lightweight, highly insulated external skin was not practical or economic. The
building structure needed to be kept simple and the introduction of another structural
system was over complicated in that it created problems with the detailing of the rammed
earth as a structural element, differential movement between materials, and it introduced
another trade to the site.
An increase of wall mass by increasing all walls thickness by 100mm added 1600mm
overall to the building length and this would add substantially to the cost of the building.
An increase in the length of the building would lead to longer corridors which is wasteful
and not contributing to the amenity of the space. Also, the overall site planning allowed
for expansion along the east west axis and the additional building length could potentially
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cramp the proposed extensions. It seemed to make sense that if any of the external wall
were to increased, it should be to the east and the west where additional protection was
most needed. In some areas, namely around the seminar room, there were structural
advantages in increasing the wall width.
Given these considerations, the internal mass was optimised mainly by increasing the walls
around the central corridor, and some of the walls between the offices from 200mm, the
minimum structural requirement, to 300mm. There was a dual purpose in the selection of
the walls between the offices for enhanced thermal mass. Every second wall between the
offices was increased to 300mm, and these walls also carried the electrical and
data/communications services to each pair of offices. The thicker walls ensured adequate
cover to the embedded conduits and sufficient strength where skirting ducts were recessed.
Floors and Ceilings
The other significant use of thermal mass is the floors and ceilings. This decision was
harder as although they are very efficient thermally, there are other environmental
concerns with concrete. Concrete floors and ceilings contribute greatly to the thermal mass
and facilitate the use of radiant heating and cooling supplemented with the hydronic
system. The modelling assumed an exposed concrete ceiling to the ground floor and took
into account a carpet finish to the concrete floors. Although the carpet reduced the thermal
effectiveness of the mass, the University would not accept a polished concrete floor, which
was the preference of the architect, or other more thermally advantageous options.
Option 3 modelled the building with a concrete ceiling slab to the first floor and
demonstrated significant benefits (Figure 4.4). The ceiling slab was adopted and later
during construction, in negotiation with the thermal systems contractor, the hydronic pipe
work was added.
Ribbing of the underside of the first floor and
ceiling slabs to the office building increases the
surface area of the thermal mass, and thus,
improves heat transfer between the slab and
occupied space. The corrugated profile selected
achieves about a 24% increase in surface area over
a flat surface. This improves the convection
efficiency of the ceiling, allowing the thermal massIllustration 4.3: Ribbed ceiling (2003)
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of the ceiling to reject the stored heat to air quicker than a flat surface (Illustration 4.3).
The profile is orientated so that the channels are parallel to the direction of airflow from
the external wall to the opposite internal wall. Although it was not possible to model the
airflow to this level of detail, it made sense to run the channels in this direction to facilitate
airflow and light penetration. A further enhancement would possibly be to have the ceiling
profile raked towards the high level louvres above the door in the internal wall. This may
further encourage air movement to flow along the channels and towards the transfer louvre,
but was considered an unnecessary expense. The ribbed formwork for the concrete slab
was based on standard metal roof decking and rationalised to four room configurations for
progressive reuse.
FIGURE 4.4 Thermal modelling- Option 3: concrete slab on first floor ceiling (Temperature
cumulative frequency (Hrs) per Annum)
Modelling indicated that the seminar room, spanning the service corridor, needed greater
thermal mass. The thermal storage tank was located over this room within the roof.
Natural ventilation
Both cross ventilation and buoyancy ventilation principles are combined to achieve a
natural air ventilation system without the use of mechanical means or ducts. Cross
ventilation is critical for the introduction of fresh air and to exhaust heat. Air movement
will also provide a cooling effect. The windows are double hung thus allowing adjustment
of the vertical level of airflow and single sided ventilation with the bottom and top open.
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Light and ventilation shafts in the offices provide
daylight penetration to internal zones and assist
cross ventilation by the stack effect (Illustration
4.4).
The modelling of appropriate ventilation strategies
considered ambient air temperature, space heat
loads, area of air inlets and outlets, internal
resistance to air paths, external wind speed and the
height between openings (AEC, 1998). The
modelling did not determine any departure to the
proposed ventilation strategies, but did allow fine
tuning by comparison of space air temperature,
temperature gradients, air velocity, and radiant temperature resulting from variations of
these factors. Various openable window and vent types were considered in relation to
thermal performance, daylighting, cost, ecological impact, and suitability to the use and
furnishing of the rooms. For example the ideal vent arrangement proposed was for a low
level vent in each corner of a typical office room.
Differentiation of window area between north and south was considered in terms of over
heating on the north side and heat loss on the south. The selection of window type and size
was a balance of the thermal performance and
considerations of daylight and view, which were
given a high priority, and the perceived advantages
of a degree of standardisation. The night cooling
vents were combined and placed under the
window, and the window was extended to the
underside of the concrete ceiling slab. Larger
windows also gave better daylight conditions,
particularly to the south where glare was not such a
problem. Ultimately, the required size of the night
cooling vent and the construction economy of
eliminating lintels and wall infill above the
windows, dictated the size of the window
(Illustration 4.5). Continued in depth modelling
was not an option at this stage due to the cost,Illustration 4.5: Night cooling vents/windows
(2000)
Illustration 4.4: Thermal chimney (2000)
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otherwise perhaps a more balanced solution may
have been achieved that took into account the
reduced heating load to the north and the reduced
cooling load to the south.
The size of the free air openable area over doors in
offices had to be at least as large as the inlet vents
under the windows. Manually operable glass
louvres were selected to allow people to close the
opening when aural privacy was required
(Illustration 4.6). People are encouraged to leave
the louvres open in summer as a general rule, and
to close only when necessary to minimise
accidental or careless interference with the night purge ventilation. The glass admits some
borrowed light to the central corridor.
Initially, the thermal chimney was designed in rammed earth as a thermally massive
element. Rammed earth construction off the roof platform was costly as the contractor
proposed to access the first floor via a purpose made ramp. Structurally, support would be
more elaborate, since the proposed concrete ceiling only spanned the offices and the width
of the central space was considerably more that the desired throat size. Modelling of
Option 1 indicated that although massive construction was desirable, lightweight
construction would not be a significant disadvantage (Figure 4.5). A lightweight chimney
was selected and although not obviously evident in the modelling, may contribute to the
‘venturi’ effect.
Option 4 examined the need for wind shielding of the thermal chimney (Figure 4.6). Wind
shielding was proposed in the case of clerestories where the fixed direction of the air outlet
louvres was vulnerable to the effect of wind. Wind could interfere with the night purge
ventilation by blowing hot air back into the building, rather than allowing it to escape from
the high level outlets. The Student Pavilion avoided this potential problem by having a
butterfly form clerestory roof giving directional options for ventilation. The modelling
indicated that, as one could logically deduce, given that the louvres either side of the
chimney could be opened, depending on wind direction, there was no advantage in
providing wind shielding.
Illustration 4.6: Louvres over doors (2003)
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FIGURE 4.5 Thermal modelling- Option 1: lightweight chimney construction (Temperature
cumulative frequency (Hrs) per Annum)
FIGURE 4.6 Thermal modelling- Option 4: wind shielding to chimney vents
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Windows
Conceptually the window can be thought of in three distinct components. The lower
portion is concerned with night ventilation, the middle with view and occupant controlled
daytime ventilation, while the upper part channels daylight into the room and allows for
further occupant control (Illustration 4.7).
The occupants are discouraged from
opening the windows when the outdoor
conditions are less desirable than the
indoor conditions. Ceilings fans are
provided for air movement, particularly
important when windows should not be
opened, but also reversible for use in the
winter to push stratified warm air back
down. The double hung windows allow
occupants to open windows top or bottom
or both. This flexibility in configuration
is important for individual control to be a
meaningful option. If heating in winter is
uncomfortably hot for some, the top area
may be opened to provide some relief
without the draughts; however this is not
energy efficient. The set point of 23˚C is necessary for some people’s comfort, but too hot
for others. When the set point is lowered some people have complained and brought in
heaters. The building has been run with the 23˚C set point, however this should be
reviewed. When ambient conditions are desirable, the occupant may open both panes to
encourage single sided ventilation, as automated vents are only operable at night. The high
level opening option is very useful for venting hot air and for fresh air intake under windy
or cold conditions, away from the occupant and work plane. Double glazing modelled in
Option 6 was recommended as part of the optimum solution in terms of thermal
performance (Figure 4.7).
Discussion of occupant behaviour, materials usage and high cost of double glazing gave
rise to the decision not to use double glazing. For much of the year ambient conditions
will be suitable to opening for windows and even in winter, many occupants open windows
Illustration 4.7: Window section
205
to adjust the temperature of the room to their personal preference. Even in summer it is
difficult to control the opening of windows. Under these conditions, not allowed for in the
modelling, the potential benefits are not realised. The range of double glazed units readily
available was limited. Timber units were the most expensive and made from imported,
ecologically unsound timbers. Many of the cheaper aluminium units did not incorporate a
thermal break. PVC was out of the question, given toxic off-gassing and the significant
environmental contamination of the manufacturing process.
FIGURE 4.7 Thermal modelling- Option 6: double glazing (Temperature cumulative frequency
(Hrs) per Annum)
During one of the design workshops these aspects were thrashed out. A rough analysis was
made of the comparative cost and benefits of various elements in an attempt to rationalise
the inclusion of specific features, all generally desirable, in terms of the budget. The cost
of double glazing was about the same as a concrete ceiling, but the modelling indicated a
more significant contribution from the ceiling.
Airlocks were also excluded from the design largely through observation of behaviour and
the desire to promote more connectedness with the outdoors, other parts of the building,
and surrounding related buildings. Many airlocks, for example in the occupants’ previous
building, are left propped open for ease of movement and to facilitate wheelchair access.
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Shading
Shading of all direct sun is designed specifically for each orientation to reduce heat gain in
summer and adjust daylighting for comfortable use. Various solar shading elements were
evaluated. Operable external shading louvres were the preferred option, but not affordable.
The benefits of solar shading were explored in Options 10 and 5 of the thermal modelling
(Figure 4.8-4.9).
FIGURE 4.8 Thermal modelling- Option 10: No External shading schemes (Temperature
cumulative frequency (Hrs) per Annum)
Shading external to the space is used to reject heat before it penetrates the interior. Due to
the predominant north-south exposure of the building, horizontal elements combined with
vertical fins for protection from early morning and late afternoon sun were developed
(Illustration 4.8). The building has two distinct orientations 10.5º west and 25.5º east from
true north. The profile of the external shades was optimised for each wall orientation and
condition in relation to adjacent elements. The shades were designed to provide protection
from direct sun penetration during summer periods up until mid February, whilst allowing
direct sun penetration during winter for passive heating. Many options for the south facade
were developed including fins of rammed earth, timber and steel; some continuous, others
for individual windows. Shading to the south facade was eventually eliminated from the
office building due to cost, but retained for the Herbarium collection areas due to the
sensitivity of specimens to direct light and the need to view specimens in natural light.
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The sunshades are deliberately held off the wall to
prevent heat build up under the shade by
facilitating ventilation around the shade and
allowing heat to escape on all sides. The fixing of
the rammed earth wall had to be a minimum of
200mm from the edge and this was accounted for
in the design. The initial design was for timber
slats and timber frame. This was altered during
construction at the request of the Director of
Buildings and Grounds due to the maintenance
issues with timber. A design incorporating
corrugated iron sheets with a galvanised steel frame
was worked out.
FIGURE 4.9 Thermal modelling- Option 5: optimised solar shading (Temperature cumulative
frequency (Hrs) per Annum)
The decision stream on shading is illustrative of the complexity of process. The rammed
earth contractor, steel fabricator, the Construction Supervisor, carpenters, architects,
facility manager, thermal performance consultant, mechanical engineer, electrical engineer
and structural engineer were all involved in the decision making process. The process
involved the construction of a series of prototypes. Discussion with the thermal
Illustration 4.8: Sunshades
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consultants also resulted in a significant reduction in the number of shading devices
compromising thermal performance against cost constraints.
Insulation
The initial thought was to wrap the insulation around the footings and extend about
1200mm under the footings and slab. However, given the 1m depth and proportion of the
footings, wrapping of the footings was quite impractical. As the greatest heat loss will be
from the edges, and if they are insulated, the area under the slab will stabilise over time,
insulation was placed to the slab and footing edges and then under the slab for 1200mm,
reflecting the standard sheet width. The concrete ground floor is insulated as described.
The roof space is ventilated through slotted eaves and an open ridge for summer cooling of
roof space. The temperature readings consistently indicate that the first floor is calling for
greater heating than the ground floor, which is the opposite of what one might expect given
that heat rises. The underside of the roof is insulated, but the top slab was not. Since the
cooling demand is the most critical, stopping air movement through the roof space,
although considered, was not pursued. The ceiling slab was insulated with wool batts at
the end of 2000. The stud walls and roof are insulated with wool to reduce the heat loss in
the winter and heat penetration in the summer. The impact of reducing the level of
insulation is demonstrated by Option 7 of the thermal modelling (Figure 4.10).
Figure 4.10 Thermal modelling- Option 7: reduced roof insulation (Temperature cumulative
frequency (Hrs) per Annum)
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Daylighting
Daylight was an important consideration in design, and in many ways, one of the most
difficult. The window and shading design integrated considerations of thermal
performance, daylight, view, user control and practicality of construction. The rammed
earth walls were splayed at the edges around
the windows to enhance daylight admission.
Natural light modelling was performed to
evaluate room geometry and finishes
(Illustration 4.9). The theoretical basis for
establishing light levels is well established,
but qualitative aspects of colour, shade and
variation are less well understood.
Venetian blinds with metal blades were included in the modelling and intended for
installation to all windows. However, the building was occupied without blinds or
curtains. During the first year of occupation, occupants were not happy with glare even in
winter; particularly problematic was reflectance from the adjacent teaching and herbarium
roofs to first floor windows and from the bare ground prior to landscaping. Generally the
preferred conditions for screen based work were low light and no glare. Cardboard and
makeshift curtains soon went up even in some south facing rooms. Initially venetian
blinds were installed to the first floor north facing rooms, opposite the teaching and
herbarium buildings. The complaints reduced significantly except from the Division of
Information Technology occupying the west module. Subsequently blinds were installed to
all north facing windows. There was still the odd complaint so blinds were fitted to all
windows.
The central internal space receives diffused light from clear glazed louvres at the top of the
thermal chimney and borrowed light through the clear glazed louvres over the office doors.
Clerestories are also located over the corridors around the entry to each wing for
daylighting the interior space. Openable clear glazed louvres were installed, although not
currently opened, to allow future flexibility to be used for ventilation if required. Light
penetration to the ground floor is enhanced by glass flooring located around the void and in
the corridors under the clerestory. The glass flooring system used some interesting
recycled material from the dismantling of the Dixson stacks at the State Library of New
South Wales in Sydney.
Illustration 4.9: Daylight modelling
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4.2.3 Active measures
The base model established a scenario for comparison purposes that represented the
building with shading, heavy weight chimney construction, internal wall thickness of
200mm and external of 300mm, no wind shielding to chimney vents, 6mm clear float
glazing, 100mm roof insulation and 24 hour radiant heating (Figure 4.2).
Ten options were evaluated and the best solution was determined as combining increased
wall mass, concrete ceiling to top floor, optimised solar shading, and double glazing
(Figure 4.11).
FIGURE 4.11 Thermal modelling- Option 11: Best solution (Options 2, 3, 5 and 6 combined)
(Temperature cumulative frequency (Hrs) per Annum)
These recommendations were adopted with the exception of double glazing which was
considered too expensive. Double glazing would have cost about as much as the concrete
ceilings, and in choosing between the two, it was considered that the concrete ceilings
provided the opportunity to incorporate chilled ceilings. Additional heating and cooling
still appeared to be necessary to achieve acceptable office conditions. Therefore, ceiling
fans, night cooling, and chilled ceilings using cold water produced by the solar panels at
night, were introduced.
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Ceiling fans
Air circulation by ceiling fans assists homogeneous distribution of the air temperature in
the room and has an apparent cooling effect of up to 5K with 1.5m/s velocity (Szokolay,
2000). In winter the fans may be reversed to push warm air back down. Ceiling fans also
allow the occupant to gain more control over their space.
Night cooling
Albury’s climate is typified by large daily temperature differences particularly in the
summer. The heavy thermal mass of the building collects heat during the day when the
outside temperature is high during the summer period and the building is occupied. A night
purge cycle allows the stored heat to be released over night when the air temperature is
cooler.
Night purge introduces the cool night air into the perimeter rooms through automatic
operation of low level dampers below the windows. Through a combination of cross
ventilation and the stack effect the air moves through manually operated louvres over the
internal doors and is exhausted out automatically controlled high level louvres at the top of
the thermal chimney. This cools the structure by removing absorbed heat and flushes out
warm air from the spaces. The modelling of this strategy indicated significant cooling
effects. Although the modelling is likely to be conservative as, for example, it does not
take into account the ribbed ceiling; it indicated that supplementary cooling was necessary
at peak times. It was not able to indicate when these peak periods would occur.
Obviously the night purge vents would not be effective or would have reduced
effectiveness if blocked by furniture or storage. At this stage it was unclear who would be
selecting the furniture, as the design group had not previously been allowed to select
furniture. The current typical desks comprised infilled sides and backs, which would have
jeopardised the night purge operation if placed in front of the vents. To ensure that, despite
future changes to furniture and considering that the vents had to be left clear, a continuous
bench top was built in over the window. Although perhaps limiting some of the flexibility
of furniture layouts within the room, a reasonable number of options are available. A bonus
of the built in item was that a longer return for desks was provided than the standard
provision of 1200mm x 600mm. This was particularly useful when students or part-time
staff occupy the rooms, as the School funds furniture for these groups.
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Supplementary heating and cooling
It is not intended that the buildings be fully air conditioned. The objective was to provide a
supplementary system to the passive design that will largely be employed when the night
time temperatures are too high to ensure adequate night cooling, and when the solar system
is not able to meet the heating demand. The operation of the system will need to be
monitored and optimised over time.
Space heating and cooling is by the circulation of water through the floor and ceiling slabs.
In winter, the water is heated by solar collectors, and stored in large tanks (Illustration
4.10). The tanks are above the central staff room of the office building and in the tower
over the entries of the teaching building and
herbarium. Through a separate thermal
exchange loop in the tanks the heat is
transferred to the hydronic pipes in the floor
slabs. There is gas back-up for heating the
water (Illustration 4.11). In summer, the
system operates in ‘reverse’. Water is
circulated through the solar collectors at
night, when the ambient temperature is
generally cool. The tanks are filled with cold
water and the ceiling slabs are chilled through
the hydronic pipework.
The hydronic pipe work is embedded
throughout with the exception of service
areas such as the plant room, cupboards and
the like and the upper floor corridors which
carry the flow and return pipes, so are
substantially treated anyway.
The combination of radiant and convective
heating and cooling provides comfortable
indoor conditions fulfilling physiological
conditions. The relatively higher
Illustration 4.10: Thermal storage tank (1999)
Illustration 4.11: Plant room- boiler and hydronic manifold
(2003)
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temperatures at the floor zone keep the feet warm, and the cooler head avoids stuffiness.
The fresh air system and low temperature differential between the room and wall surface
also contribute to comfort.
Solar heating and cooling
Winter mode involves solar panels to absorb the sun’s energy to heat water. Using the solar
panels for radiant night cooling uses the emission of energy from the surface of the
collector to the colder surrounds; basically the sky is used as a heat sink.
The heat storage, exchange and distribution medium is water. The water filled solar
collectors exchange energy with the water in the storage tank through coils placed at the
bottom of the 1200mm deep, 22 m³ storage tank. Stratification of the tank temperature is
used with another set of coils placed at the top of the tank that exchange energy with the
water from the HDPE hydronic pipe work embedded in the concrete floor and ceiling
slabs. Laying of pipe work in a reverse return circuit ensures an even temperature across
the room. The space is then heated or cooled by a combination of convection and radiative
heat exchange by contact with the thermal mass. Stratification of the air in the offices
should not be a problem in summer as the cooling is coming from the ceiling. In winter
reversible fans are used to push the hot air down.
It was important to know the effect of using the same tank for heating and cooling to the
heating and the cooling ‘down time’. Observation indicated that this was not a problem as
the change over takes place during the period of seasonal transition between summer and
winter, when cooling and heating demands are low. The stability of temperature due to the
thermal mass appeared sufficient for comfort conditions during this time. In the subsequent
design of the Teaching Complex, two tanks were incorporated, allowing one tank to be
available for heating and one for cooling simultaneously. Additionally this complex
incorporated a geothermal loop under the buildings for use in these transitional periods.
Peak cooling
The modelling indicated that the cooling demand to maintain a narrow band of comfort
conditions would be the most difficult to satisfy. The solar heated water has a gas fired
boiler backup, but a supplementary cooling system was needed when the night time
temperatures are too high for the night purge strategy to be effective. During the first
design workshop the idea for using the solar collectors for night cooling of the water was
suggested by Rainer and Carl Brandmeier in the brainstorming session. The idea sounded
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promising, but some were sceptical as it was new to all of participants. The Brandmeiers
returned to their workshop and set up a prototype. The results looked promising with a
significant temperature drop indicated with the system returning water at about 15°C. The
experiments were not well recorded, but the results were so encouraging that it was agreed
to incorporate a cooling cycle through the solar collectors. After all there was nothing to
lose, all the infrastructure was there. The solar cooling potential was never modelled and
there was still some nervousness about summer conditions, particularly when nights were
warm, which would impact on the effectiveness of the solar panel cooling, as well as the
night purge.
It was at the next session that the idea of using thermal exchange with the stormwater
stored on site was tossed around. However, there were concerns with the cost of
embedding coils in the already constructed reservoir and environmental impact of raising
the water temperature. It was decided to pursue this option at least to the point of looking
at the water temperatures. At the end of February, 1997, after a particularly hot dry
summer, temperature readings were taken at various depths of the bottom reservoir.
Despite the low water level, given that the system had not yet filled as it was only
completed in 1996 and there had just been a hot dry summer, the temperatures were
encouraging. The method with the most potential was to conduct the thermal exchange
process at the point where the water line between the bottom reservoir and the top supply
dam was close to buildings. This reduced transmission losses, was cheaper as pipe runs
were reduced, and had the benefit of using ground mass to cool the water before delivery
to the supply dam. The pipe work for the stormwater line was about to be installed, so as
matter of urgency, it was lowered to the depth of 1200mm. The pipe work would have
gone in at a relatively shallow level as was the usual practice and this would have
compromised the benefit of earth exchange and potentially even heated the water up. The
pipe depth of 1200 was selected simply because it was convenient with readily available
machinery at little extra cost.
The cost and ease of installation were important points. The designers were not confident
of obtaining significant cooling from this system and the predominant view of
administrators overseeing the project was that the system should already be designed, it
was costing too much already and there were too many changes. There was concern over
the pumping power of the solar and wind system. Ideally, the usage rate will be directly
related to the replenishment rate. The replenishment rate may still need to be increased
over the provision for the movement of water to the dams, but this was to be evaluated
215
when the system was commissioned for the summer of 2000. Unfortunately, the
commissioning did not taken place, and the lake cooling has not been connected into the
system.
The administrators, lacking confidence in the design, wanted a contingency plan for
evaporative cooling to be able to be easily incorporated. This requirement was passed on to
the documenting architects, but there was no serious design work done. The fall back
position was that evaporative coolers could be installed on the roof, distributed to the
rooms through ducts located in the corridors. Alternatively, an additional cooling source
could be added to the chilled ceiling system. This was being considered in 2003 after the
driest, hottest summer on record.
Supplementary heating
The gas fired, internal natural draught boiler is Model 80/120 ME Sime Murelle Lux
Boiler. The boiler can also be used, through a separate heat exchange system, to provide
domestic hot water heating but this was not permitted by the local water authority.
Destratification tubes to collect hot air from the top of the thermal chimneys and
redistribute the heat to the ground floor corridors were planned. Consequently air transfer
grilles are located in the first floor slab intermittently along both sides of the corridors.
This may also have been used to increase the rate of night purge ventilation in the summer.
The destratification system was deleted from the contract during construction due to the
doubts raised by the mechanical engineer and the contractors about effectiveness of this
system.
Artificial lighting
The lighting design was based on the assumption that daylight was important to people’s
satisfaction with their environment and that electric light usage was likely to be dependent
on daylight availability and the degree of control of the light quality. Furthermore, energy
conservation, internal heat gain, flexibility of individual control, suitability to variable user
requirements, and views to the outside were important.
Large fully shaded openable windows make the use of daylight possible for a wide range
of tasks and provide good views to the outside. Daylight availability is variable and must
be supplemented with sufficient artificial lighting. Integration is achieved simply through
the combination of general and task lighting with a range of user controlled switching
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patterns and fixed and adjustable sunshading. A satisfactory quality of light is provided by
individual control of glare and brightness using adjustable internal venetian blinds.
Individual switching of task lights allows the user to control the light level and direction to
suit the task.
The light fittings were intended to be consistent with the low energy approach to the use of
daylighting and task lighting. A combination of background lighting and task lighting was
proposed to the offices. One option considered was two recessed glass pelmet fittings on
opposite walls combined with desk lamps; however this was not pursued due to the higher
cost and the view of the administrators that the desk lamps may be stolen. The
administrative decision makers insisted on use of the same standard installed throughout
the University, namely 2400W fluorescent tubes. These are hung from the ceiling at a
height of 2400mm with a simple perforated,
powder coated, stainless steel shade
suspended underneath that allows a
combination of uplight and downlight
(Illustration 4.12). These were designed by
the architect and made up by a local sheet
metal worker for about $35 each (1998 price).
Pelmet and wall lights are used throughout the corridor spaces with multiple switching
arrangements. The pelmet lights use a standard tube and fitting recessed in the earth wall
with a perforated stainless steel shade that allows the light to wash up and down the wall.
Given the levels of natural light penetrating the interior spaces from the tops of the thermal
chimneys, these are rarely switched on. Lighting to the toilet areas is controlled by
movements sensors. External lighting is controlled by a combination of movement sensors
and time switches.
The lighting design generally was not consistent with an integrated daylighting approach.
The engineer was reluctant to rely on any daylighting or the use of task lights and unable to
identify light fittings consistent with the University standard or the project requirement for
Australian products, preferably local. During documentation, the electrical engineer did not
propose a satisfactory solution, so the light fittings were specified and supplied by CSU.
Illustration 4.12: Office light fitting (2003)
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4.3 Materials and detailing
In terms of materials use and detailing, the key components of rammed earth walls,
concrete floors and ceilings, recycled materials and windows are discussed. Understanding
the life cycle of materials is complex and beyond the scope of this thesis. Relatively little
information was available during the early design years. The design process did not allow
the time or resources to systematically evaluate factors such as the impacts of embodied
energy in production and transportation, pollution in production, use and demolition, use of
the raw materials, the production and construction methods, and health implications of the
materials. Nevertheless some of the influences on the selection of materials and the
practical outcomes are described.
4.3.1 Rammed earth
Rammed earth was the choice wall construction due to its thermal characteristics and
because it is the most environmentally sound, thermally massive material which was
locally available. Rammed earth construction involved the compaction of soil in formwork
to produce walls that are very durable, require little maintenance, and are resistant to fire,
termites and the weather. The soil was sourced from a nearby quarry as the soil on-site was
not suitable. The raw material was stabilised with about 2% off-white cement to achieve
better resistance to erosion and to improve the working consistency.
The colour of the finished wall depends on the mix of soil; our walls are a soft earthy pink.
A light colour was selected for the walls (and roof) to reflect heat thereby helping to keep
the indoor temperature closer to the outdoor average. Interestingly, rammed earth helps to
regulate the indoor humidity levels by absorbing and releasing moisture into the interior
spaces.
The specialist rammed earth contractors used
prefabricated plywood formwork and
replaced it on-site as necessary (Illustration
4.13). The un-reinforced rammed earth walls
are load bearing and support the concrete
slabs at first floor and ceiling level and take
the roof loads. The 22m³ concrete thermal
storage tank that has a continuous span overIllustration 4.13: Rammed earth- form work (1998)
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the seminar room and between the east and west office wings, is also supported on un-
reinforced rammed earth columns and walls.
Adaptability and flexibility of servicing was a design issue. Data and electrical cabling
conduits were cast into the slab and rammed earth wall to feed skirting ducts through the
buildings. The skirting ducts were recessed into the rammed earth using block-outs as
were wall strip lighting recesses, picture rails and wall niches (Illustration 4.14). The
original intention was to incorporate recessed lighting for corridors and background
lighting to offices. However, modelling indicated that suspended light fittings were
required to provide sufficient light levels in the offices, so recessed wall lights are used
only in the corridors.
The documenting architects engaged a ‘specialist architect’ in rammed earth for advice. It
was useful to discuss the project in a design workshop with someone more experienced.
Sieve screen for more even finish and easier mixing was considered, but considered totally
impractical by the contractors. The broomed finish recommended by the consultants was
not specified, as aesthetically it has a tendency to give the rammed earth an even
appearance, not dissimilar to concrete. The broomed finish obliterates the layers visible
from the ramming process and is another thing to be done, thus more expensive.
Increasingly during the design process advice was sought from the contractors for the
Student Pavilion. For example, advice from rammed earth contractors was that simple
curves, as were ultimately used in the design, are simpler and more economic than a series
of corners as advised by the specialist. The curves were checked with contractors to ensure
standard formwork could be used, for example the 10m radius used in this building is
readily available. The architect had learnt from the Student Pavilion to ensure sufficient
clearance for formwork around fixed items such as manifolds. Sixty millimetres was used
in the Student Pavilion and that really should be treated as an absolute minimum.
Illustration 4.14: Rammed earth- blockouts (1998) and picture rail detail
219
Resolution of the detailing was often an interactive
process on site during construction. For example,
the degree of insulation to the slab edge that was
needed, and that was practical, was never fully
resolved before construction commenced. The
resolution involved input from the rammed earth
contractor, concreter, brick layer, construction
supervisor, supervising engineer and designers.
There was limited space to insulate and infill to the
slab edge, as the slab required a minimum bearing
area on the rammed earth. For reasons of
waterproofing and insulation, the edge was not to
be exposed. The detail needed to take into account
the differential movement between the rammed earth, brickwork and concrete, as well as a
slip joint between the rammed earth and the slab. A simple detail resolved a brick infill
with insulation to the slab edge (Illustration 4.15). Movement is accommodated by the slip
joints and the absence of mortar between about every sixth brick. The base of the rammed
earth walls is built up from the footing in brickwork to incorporating a damp proof layer
and termite protection mesh. It had been intended that this brickwork would be set in lime
mortar for future recycling, but the structural engineers had reservations about the
structural consequences.
The vertical and horizontal construction joints in the walls relate to window detailing.
Anchors were required in a number of details, for example connection of sun shades, and
an ‘environmentally friendly’ anchor was sourced through 'Ecopolis'.
The availability of tile seconds and broken tiles was investigated to waterproof the rammed
earth walls in the wet areas. Unfortunately the unsaleable tiles are crushed at the factory
and there was reluctance on the part of the manufacturers to sell damaged tiles.
The location of the night cooling vents at each corner of the external wall to the offices
was preferred to facilitate the even distribution of air through the space and limit short
circuiting. Documentation of this detail proceeded with a single point of control centrally
located to each pair of dampers and openings rammed in at a slight angle. Here again, a
number of problems were identified by the group. The rammed earth contractor was
concerned at the labour to make the angled opening, as the mould needs to be pressed in
Illustration 4.15: Brick infill at slab edge (2003)
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while earth is still fresh. There was also a high labour content in ramming two holes and
this, combined with the window opening threatened the structural integrity of the wall.
Rammed earth walls should be returned at the ends for structural stability. Two vents
dramatically imposed on the furniture layout, or perhaps more realistically the furniture
would be likely to restrict the free flow of air through the vents. Many combinations were
explored, but these were narrowed down to three options. The simplest was a central
window and pair of vents in corners, two windows with one over each of the pair of vents
or a central window over a single vent. The complexity of construction, subsequent cost of
two or three openings in lieu of one, led to the development of a combined recycled timber
frame for the windows and vents. There was a 200mm high underfill of rammed earth to
keep the vent off the ground and reduce exposure to dust and allow the skirting duct to be
continuous along the wall. The opening and frame extended to the underside of the ceiling
slab saving the cost of a lintel. Rammed earth is a relatively imprecise material compared
to the timber frames and vents, so the joinery and fit-off costs of a single frame were much
lower than in the other options.
The rammed earth walls finish horizontally
level at a consistent height of 2700mm to
eliminate use of saw cutting to the tops and to
carry the concrete ceiling slab (Illustration
4.16). Wool insulated, plywood stud walls
are built up on the outer edge to infill
between the top of the wall and the roof.
Tops of walls and sills are splayed, in accordance with advice from the contractor for the
Student Pavilion (Illustration 4.17). The splay will ensure quick run off, similar to vertical
wall situation and water proofing will not be a problem. The recommendation of the
specialist was to tile or cap in some way all exposed surfaces
that are not vertical. Performance to date does not indicate any
problems.
The walls needed to be sealed internally for dust and externally
for weather protection. The sealant that the contractor usually
used was solvent based, and new sealants were available which
he had not tried. A number of sealants were trialled on site in
the effort to find a more environmentally friendly product with
Illustration 4.16: Rammed earth- walls (1998)
Illustration 4.17: Rammed earth-
window detail (1998)
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a satisfactory performance. The trial was simple and comprised the application of various
sealants to some rammed earth panels that had been knocked down. A hose was set up to
run on each panel and observations were made on the extent of erosion over time. The
conclusion was to use a solvent based sealant for the exposed walls and a water based
sealant internally. The perimeter of all buildings was finished with sloping pavement
(Illustration 4.18). This directs runoff away from the walls and protects the building
foundations from the extremes of shrinkage and expansion of the soil. The ground
conditions are classed as highly reactive (H) and the effects of varying moisture levels are
pronounced in this region of hot dry summers and cold wet winters.
Ideally the design would have followed the good practice exhibited by the Student Pavilion
and completely protected the external walls and foundations with a verandah form. This
design concept was unfortunately abandoned due to the reaction of the future building
occupants who felt that it was unacceptable to use external circulation to directly access
their offices. Economy necessitated that a verandah building form had circulation
externally and no internal corridor.
To minimise formwork cost and materials wastage, wall junctions were designed at right
angles where possible. A limited set of angles was applied elsewhere to ensure that the
requirement for special formwork was limited.
Soil analysis included lineal shrinkage, sieve analysis and compressive strength to Bulletin
No. 5 approved standard. External consultants were not engaged as the sub-contractor
took this responsibility. This worked successfully for this project. The same procedure
Illustration 4.18: Typical edge detail
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was followed with the next project, the Teaching Complex, which was lump sum, but was
not as satisfactory. The sub-contractors were a local concrete company with no direct
experience with rammed earth. The mix used a different soil and the mix was made
mechanically. The ramming was less consistent and the resultant walls have a wavy
appearance and slightly crumbly finish. The Superintendent accepted this quality and very
few walls were rejected. Time will tell whether this was a wise decision. The walls were
then spray sealed rather than drenched as specified. This project went into dispute over a
number of issues including the inadequate sealing of the rammed earth. However, in the
final settlement, the contractor was not required to complete the building as specified, in
two significant respects, namely the sealing of the walls, and the drainage around the walls
below ground.
Coordination of services for the SEIS project was largely done by the rammed earth
contractor through the preparation of 3D drawings of every wall, and on-site with the other
contractors. Despite repeated attempts to have the engineering consultants clearly show
the positions of ties and built in items, the final documentation was largely diagrammatic.
In relation to programming on the two storey projects, it was necessary, for example, to
specify the curing time for the rammed earth walls before the first floor slab could
commence. The rate for construction per
square metre of rammed earth was also
specified at not less than 50m² wall per day,
but this proved difficult to maintain.
Although four rammed earth teams could
maintain this rate by simultaneously working
on different walls, work slowed considerably
in areas such as columns and smaller sections
of wall (Illustration 4.19).
Embodied energy and water use
The embodied energy of rammed earth is the lowest of all the thermally massive choices
such as bricks, concrete blocks, insitu or precast concrete. Stone construction was not
considered an acceptable alternative due to cost and the environmental impact of quarries.
A range of estimates on the primary energy and water used in production of thermally
massive materials is shown in Figure 4.12.
Illustration 4.19: Rammed earth- 2 storey construction
1998)
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FIGURE 4.12 Embodied energy and water use- thermally massive materials
Material Energy
(MJ/kg)
Water Use
(litres/kg)
Source
Earth (compressed) 0.1 10 Berge (p.20-1, 2001), Central Europe
Fired bricks 3.0 520
Concrete 1.0 170
Bricks 3.4-6.0 Sturges & Lowe (p. 186, 2000), UK
Concrete 3.0-6.0
Cement 4.5-8.0
Earth (stabilised) 0.7 Lawson (p. 13, 1996), Australia
Fired bricks 2.5
Concrete (insitu) 1.7
Precast (cured) 2.0
Cement 5.6
Concrete (30 MPa) 3.2-4.3 Treloar, Fay et al. (p. 140, 2001), Australia
Cement 10-15
The Berge (2001) data is based on the Primary Energy Consumption needed to
manufacture the product only which incudes energy consumption in the extraction of the
raw materials and the production processes, but excludes secondary consumption in the
manufacturing process such as machinery, lighting, conditioning, maintenance, etc of the
factory, and energy for transport of the raw and processed materials (p. 16).
It is not clear why the estimates of embodied energy for rammed earth vary so
dramatically. Lawson (1996) may have based the estimate on a development which used a
high cement content, perhaps as high as 8% (p 36) compared to 2% typically used at
Thurgoona. Lawson states that the cement content is the highest energy input (p. 36). It is
also not possible to determine the transport component of Lawson’s estimate which would
likewise have a significant effect. However, if one was to include the energy for transport
of the raw and processed materials, the relative benefits in the use of rammed earth would
become even more pronounced. Firstly, the transport involved in rammed earth
construction is only that of the raw material to the site, and does not involve the further
step of transporting the processed material. Secondly, there is no energy component of
factory related activities.
Treloar, Owen and Fay (2001) assessed the embodied energy of house construction
comparing the use of rammed earth, cavity brick and brick veneer for the external walls.
They raise the concern of the transport of raw materials and the cement content; however
the transport components of the study are not clear. The cement content of the rammed
earth is assumed to be 8% and this is acknowledged as the greatest contributing factor to
the embodied energy of a rammed earth wall (p. 102). Given the cement content of the
rammed earth wall at Thurgoona, which underwent ongoing strength and durability testing
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was 2%; the conclusions of the study may not be applicable to the choice of rammed earth
in this case. Furthermore, an additional 20% was added to the embodied energy value for
cement based on the assumption that there were extra activities to be accounted for such as
extraction of the earth, ramming, mixing, and transportation of heavy equipment (p. 103).
It is acknowledged that these direct energy requirements are not confirmed by an analysis
of the rammed earth construction process (p. 103). The analysis of the wall components in
isolation of the substructure indicate that rammed earth construction has an embodied
energy saving of 62.7% and 66.3% over brick veneer and cavity brick construction
respectively (p. 104). Inclusion of the substructure improves the performance of brick
veneer as lesser footings are assumed in the case of single story residential construction on
an ‘M’ class site (p. 104). The study also draws into doubt the validity of the results due to
an error range of ±30% for embodied energy values (p.104).
It is not clear if the study takes into account the relative loss factors of the materials of the
materials, namely 1% for rammed earth and compared to 10% for bricks (Berge, p. 21,
2001). More detailed reporting of the analysis of the actual building elements is necessary
to assess the relevance of this assessment to the Thurgoona project, however the study does
find that rammed earth has a significant embodied energy saving over cavity brick and
comments that more research is necessary to make an informed statement on the
comparison with brick veneer (Treloar et al., p. 104, 2000). The study further recommends
alternative stabilisation products be investigated to reduce the embodied energy of rammed
earth, and this strategy combined with a lower cement content could significantly improve
the estimates of the embodied energy of rammed earth.
Berge concludes that the construction of an earth wall uses about 2% of the energy needed
to construct a concrete wall (p. 120). The labour content is seemingly high; however the
work to construct a rammed earth wall is substantially on site, whereas materials such as
concrete and bricks require a substantial off site production component. The rate of
rammed earth construction at Thurgoona was about 3m²/person/hour. Berge estimates
construction rate of a rammed earth wall, excluding surface treatment, at about 0.3
m²/person/hour which is the same as his estimate for a finished concrete wall and only
slightly more than that for brickwork (p. 221). David Easton of Rammed Earth Associates,
a Californian based rammed earth design and construction company, estimates that an
efficient team using contemporary technology can complete 8.7m²/person/hour (p. 108).
His research indicates a much lower rate using traditional methods which may explain the
discrepancy of rates determined by Berge and experienced at Thurgoona.
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Water use of rammed earth is very low compared to concrete and brick production (Berge,
2001, p. 21),
Pollution and environmental damage
There are no environmentally damaging wastes in the production of rammed earth and the
use of quarry overburden, usually treated as a waste product is an additional benefit
(Lawson, 1996, p. 35). On the other hand, the firing of clay bricks emits polluting sulphur
and fluorine compounds (Berge, 2001, p. 119), and uses large amounts of water.
The quarrying of materials may damage groundwater and local biotopes (Berge, 2001, p.
119). Berge concludes that locally built rammed earth is probably the least polluting form
of house construction, but points out the physical stress of the vibration of the ramming
process can cause harm to the operator (p. 120).
Toxicity
The potential presence of radon in concrete, rammed earth and bricks is of concern, but no
specific information was available. Testing for radon needs to be done for the actual
materials used as the levels vary with the source of the material. The structural engineers
were unaware of the problem and no one was sure how to go about testing or determining
the acceptable levels of radiation.
Reuse
Rammed earth is fully and easily recyclable as a building product (Berge, p.120, 2001). It
may be crushed and reused in earth construction, or it may be returned to the earth by
allowing it to decompose naturally or accelerating the process using water or crushing. The
rammed earth contractor experimented with using crushed recycled bricks as the base
material with excellent results, however this was not feasible for this project.
4.3.2 Concrete
Concrete has considerable environmental impact as it is a high density, quarried from non-
renewable resources with high transport and energy costs. Despite these impacts, concrete
was chosen for the floor and ceilings for its thermal storage qualities.
Documentation of the hydronic system proved to be quite a trial. Mechanical systems for
the Student Pavilion were not documented, but simply described to the contractors.
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Fortunately, Branco Boilers and Engineering the only contractors in the region even doing
hydronic floor heating systems, are based in Albury. Mechanical documentation was
considered necessary for the SEIS project given its size and more demanding comfort
conditions. The documentation initially stipulated a system from the United Kingdom, not
even imported to Australia, which was overly elaborate involving laying of the hydronic
pipe work in a screed on top of the slab. This was of considerable concern as it was
expensive, ecologically undesirable and limited the use of the slab for thermal storage and
cooling. The system was altered to reflect the much simpler technology of standard high
density polyethylene pipes (HDPE) laid integral with slab, already employed by the local
contractors (Illustration 4.20). For convenience of construction, the hydronic pipe work is
tied to the top of the top reinforcement mesh. The structural engineer expressed concern
over this practice, stressing the importance of
top mesh, however was eventually able to
document a satisfactory solution.
Architectural detailing had to grapple with
the junction of the rammed earth and the
exposed concrete slab. The deviation of the
rammed earth wall was established and a
cornice detail produced to allow ±15mm
tolerance.
Ideally for the best use of the thermal mass, the concrete floor slabs would be left
uncovered, perhaps polished or if covered using a material with little or no insulation
value. However, the University standard of a carpet finish to the office areas was followed.
The carpet was 100% wool with jute backing, and was laid on a natural fabric underlay
with a smooth edge, not glued.
Embodied energy
The embodied energy and water use in concrete construction is relatively high compared to
rammed earth as shown in Table 4.1. The use of rammed earth as a flooring alternative was
canvassed, particularly for the ground floor, but beyond the capacity of the structural
engineers to resolve to their satisfaction. The embodied energy and water use needs to be
looked at in balance with the life expectancy of 50-100 years for the buildings on the
Thurgoona campus. However, more research is needed to find a more sustainable
thermally massive material suitable for these applications.
Illustration 4.20: Hydronic pipework (1998)
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Pollution
The production of cement gives off high levels of CO², releases toxic heavy metals to the
atmosphere, produces high levels of dust, and wastes and pollutes water.
Toxicity
Radon is a potential hazard as discussed for rammed earth. Exposure to the cement and
additives in concrete during construction and demolition may be harmful; for example
crystalline silica present in some concrete aggregates is toxic in when present as a dust that
my be inhaled (Curwel, et al, p.10, 2002).
Reuse
It is possible to recycle concrete, and to use high levels of recycled material in the concrete
mix, but the concrete industry in Australia was not incorporating this technology at the
time. However, now most demolished concrete is recycled and there is typically a high
level of recycled aggregate used in the concrete mix.
4.3.3 Recycled Material
A variety of recycled materials were used, including prefabricated library stacks, recycled
timber, rammed earth walling and bricks.
Prefabricated library stacks
On the architect’s initiative, the University acquired a large quantity of material from the
dismantling of the Dixson stacks at the State Library of New South Wales in October 1995.
The stacks, originally installed in the library in 1930, are an integral structural system of
glass flooring and library shelving (Illustrations 4.21-4.22).
Illustration 4.21: Dixson stacks: shelving (1995) Illustration 4.22: Dixson stacks: detail (1995)
228
Installation of the 24mm thick glass flooring
around the voids and in the corridors of the
office building, enhances daylight
penetration. The original steel beams support
and frame the glass flooring panels. The
glass panels did not meet the standard for
trafficable floors so under wiring with 21mm
aperture mesh was necessary. The shelving
components were also reassembled for reuse
in the offices.
The glass flooring panels are cast glass 24mm
thick with a sand blasted finish to one side
and typically 900 x 600 sheet sizes. The
structural flooring and shelving components include 3+" x 2" steel rhs posts, 3" x 3" x 3/8"
steel I beams, head base plate, shelf supports, 2" x 2" x +" steel angle for support of glass
panels, bracing, shelf end panels, steel shelves and trim (Illustration 4.23). The quantity of
material included, for example, seven kilometres of shelving. It had been quite difficult to
convince the University to acquire this material. In the first instance tenders for the sale of
the material were advertised. The project manager for the library construction project had
assumed that the material would have a value and a sum was included in the cost plan.
When no tenders were received, the project faced not only the lost amount budgeted for the
sale of the material, but the removal and dumping costs, as well. The project managers for
the library project were also coincidentally architects working for the University on
projects in Bathurst, as well as documenting the SEIS. They thought the University might
be interested in purchasing the material, but I was unable to attract any support for this
idea. Then the material was offered to the University for the cost of transport. The
transport cost was $10,000 and finally the University agreed to take the material.
Windows and doors
Aluminium was not a necessary component of the window frames. Thermally a timber
window frame was desirable, and from an ecological perspective a locally made, recycled
timber frame fitted with a frameless window was ideal. The economy of combining the
framing for the vents and windows in recycled timber partly justified the selection of the
relatively expensive ‘Anetta’. Detailing of the frame to fit the unstable dimensions of the
Illustration 4.23: Dixson stacks: axonometric (1994)
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rammed earth, involved the incorporation of a horizontal recess under the sill to form a
shadow line. This allowed for ±15mm tolerance to the top of the wall and an allowance for
±10mm tolerance to width of opening.
Recycled timber joinery for windows, doors, skirtings, picture rails, etc was specified
throughout the project. The window frames were assembled from recycled oregon after
the evaluation of several prototypes in conjunction with the joiner and construction
supervisor. Progressive re-documentation of a number of components was necessary to
accommodate the quantities, sizes, and stress grades of locally available recycled timber.
The window frames were made off site by a local joiner from locally sourced, recycled
timber and finished with a non-toxic, plant based oil. The frames were pre-finished at the
workshop enabling full coating all round.
Embodied energy
The embodied energy of recycled material is difficult to analyse, however the reuse of
materials will attract large savings in embodied energy compared to using new materials
(Treloar et al., p. 140, 2001).
In the case of Thurgoona, the largest energy input was likely to have been in the transport
of the material. Transport from the site of the original use to the storage point, if any, then
to the new construction site. Given the local sourcing and origin of the recycled timber,
these costs are not significant compared to sourcing new timber which would have been
transported a much further distance. The transport of the recycled glass and steel from the
Dixson stacks in Sydney would probably have been less than the total transport costs of a
new product and extending the life ‘discounts’ the embodied energy.
The steel and glass was reused in their original forms, therefore reprocessing impacts were
minimised. Some of the steel members were bent to shape and all were hot dip galvanised
for reuse. The glass was cut to size, under wired and rehoused in its original steel frame.
The shelving was cadmium plated which, although an energy intensive process using a
non-renewable and limited resource, does provide a non-toxic corrosion protection to the
steel (Woolley and Kimmins, p. 142, 2000).
Figure 4.13 compares the embodied energy use of aluminium, timber and steel. Given the
use of recycled alternatives these figures are of limited value; however do give an
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indication of the embodied energy saving s to be made by the substitution of recycled
material.
From a maintenance and longevity point of view a building with a long life expectancy
should incorporate high quality items as perhaps is true for every building as long as the
items may be reused, as is the case with windows. Aluminium has an extremely high
embodied energy content and the production process is highly toxic and uses enormous
quantities of water. Aluminium was avoided in the building except in the case of the night
purge vents. In this case the economic benefits of an off-the-shelf item and the low
maintenance characteristics of anodised aluminium led to the selection of aluminium for
the vents. A consolation is that it is recyclable, unlike powder coated aluminium. But the
pressure of such decisions certainly indicates a commercial need for alternative products
and a change in perception of the ‘cost’ of maintenance. Human effort is often a big
component of maintenance, with minimum environmental impact if sustainable design
practices have been employed. The perception that cheaper and ‘maintenance free’
products, such as aluminium windows are more economic is also fraught with difficulties.
If you consider that timber windows can be repaired, and renewed compared to the
replacement and throwaway reality of aluminium windows when, for example the frame is
bent, the argument is weak. The maintenance argument is limited. An interpretation of the
figures provided in the Green Building Handbook (Woolley, et al, 1998) indicates that
appropriately designed timber framed windows, even allowing for maintenance, would
have by far the least environmental impact of other window choices (p. 123). The clear
environmental choice was timber framed windows.
FIGURE 4.13 Embodied energy and water use- aluminium, timber and steel
Material Energy
(MJ/kg)
Water Use
(litres/kg)
Source
Aluminium (50% recycled) 184 29,000 Berge (pp.20, 22, 2001), Central Europe
Timber (untreated) 3 330
Steel 25 3400
Steel (recycled) 10
Timber 1.8-4 Sturges & Lowe (p. 186, 2000), UK
Aluminium 170 Lawson (p. 13, 1996), Australia
Timber (kiln dried) 2-3.4
Steel 34
Aluminium 200-260 Treloar, Fay, et al. (p. 140, 2001), Australia
Timber 2.5-4.3
Steel 80-115
Steel (reinforcement with
100% recycled content)
20-50
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Toxicity
The commercially available finishes suitable for the windows and doors were looked at in
terms of their environmental effects as well as the consequent health effects on the
applicators and occupants. ‘Organoil’ was selected as it is a plant based finish made from
ingredients less damaging in their manufacture than petrochemical products. The key
ingredients are gum turpentine, tung oil, citrus oils, eucalyptus oil and bees wax. The
manufacturing process of plant based finishes is less energy intensive than synthetics, the
waste products are biodegradable and the finish has a very low toxicity rating (Woolley et
al, 1998, p. 136).
Environmental impact
Recycled timber has the advantage of being very durable and stable as it is fully seasoned.
The window frames, made by a local joiner from locally sourced, recycled timber and
finished with a non-toxic, plant based oil, would attract an even higher environmental
‘score’ from Woolley et al (1998) than the new timber windows they evaluated.
The use of galvanising and plating of the metal products was considered environmentally
sounder than protective paints mainly due to the longevity of the finish and the ease of
future recycling of the base material.
4.4 Subsequent developments: 2000-2005
4.4.1 Residential precinct
In 2000 four eight bedroom cottages were opened, followed in 2002 by another two
cottages (Illustration 4.24). The cottages are adjacent the Student Pavilion and along the
southern part of the pedestrian spine in the residential precinct. The precinct was planned
for 2-3 storey medium density development,
but the first six cottages are single storey,
typical of the style accommodation built by
CSU and popular at other campuses. Some of
the students have planted a permaculture
garden adjacent to the first cluster of cottages.
Illustration 4.24: Residential cottages- permaculture
garden in foreground (2002)
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Illustration 4.26: Student Association (2003)
The building design is similar to the single
storey buildings in the SEIS precinct. The
rainwater tanks integrated with each cottage
supply the laundry area (Illustration 4.25).
4.4.2 Student Association
The original building for the Students Association, the Student Pavilion, was
constructed by the University as a temporary home for students on campus until the
Association could fund a new building on the site reserved for it in the core
precinct. The new building for the Student Association was designed largely in
consultation with the Manager of the Student Association (Illustration 4.26). Wider
more direct involvement of the student body was dependent on this individual and
unfortunately was not well accessed. The brief was simply for a large open space
suitable for 120 to dine and to
accommodate functions for 200,
served by a commercial kitchen, and
suitable for expansion for additional
sit down dining, a bar, storage and
office space. The size of functions
was linked to the capacity of the
adjacent lecture theatre complex.
The siting of the Student Association building at the head of the main public entry road and
framing the eastern edge of the great circular court forms an important edge to the central
court which is a major public hub to the campus linking the academic and residential
precincts. The site is in the south-west ‘quadrant’ of the public hub, flanked to the south-
east by the main pedestrian spine, to the north by the service corridor and path linked to car
parking and the major public entry to the campus, and to the west by the lower ring road.
Beyond the main pedestrian spine is the site for the new resource centre/library due to start
construction in 2004. To the north is the lecture theatre complex with expansion of the
Student Association building planned to the west and south east.
Illustration 4.25: Laundry (2001)
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The site planning response to the many
surrounding pathways is to integrate multiple
entry points. The approach along the main
pedestrian spine from the residential precinct
allows entry to the east facing verandah from
the south (Illustration 4.27).
The pathway to the north is a significant
connection to the existing car park, most
convenient to the CD Blake Lecture Theatre,
future Resource Centre, expansion of general
teaching space, and the proposed site for
Student Association offices (Illustration 4.28).
It is therefore the most likely entry for use by
the general public in the case of a function, for
example. To the east, the main pedestrian
spine and the central courtyard that is ringed
by the key public buildings, are the approaches
that people moving around the campus are
more likely to use. To the west, another entry
provides access to a small deck. In the future
this entry will lead to additional car parking,
and the Student Association and Student
Services offices (Illustration 4.29).
The design approach, materials, water
conservation and detailing is similar to the
other projects. The rammed earth by Riverina
Rammed Earth was locally sourced material.
Triangular recesses were cast in echoing the
form of the precast beams and recycled steel
truss. A truss fabricated from steel reused
from the Dixson State Library Stacks carries
the precast concrete beams (Illustration 4.30).
The truss is infilled with recylced glass also
Illustration 4.27: Student Association- south (2003)
Illustration 4.28: Student Association- north (2003)
Illustration 4.29: Student Association- west (2003)
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Illustration 4.31: Recycled bricks, steel and
timber(2003)
Illustration 4.33: Colour scheme of primaries (2003)
from the Dixson stacks.
Recycled bricks were used for paving around the
building and recycled timber was used for the
structure, joinery, windows and doors (Illustration
4.31). Plantation timber was used for roof and wall
framing and plywood wall lining. Linoleum was
used for floors, benchtops, tables and notice
boards.
The lights were designed by the architect, to
combine uplighting with downlighting. The shade
was manufactured by GI Irrigation Pty Ltd, and the
removable electrical component is by Thorne
Lighting Pty Ltd. The shade is pyramidal in form,
and perforated with a triangular pattern, in keeping
with the motif established for the building
(Illustration 4.32). The shade is open at the bottom
to enhance the down lighting effect and to prevent
the build up of dead insects and dust in the fitting.
A colourful and distinctive presence for the
building is created by the painting the plywood
panels with bold primaries and purple (Illustration 4.33). This colour scheme has been
carried through in the use of coloured glass as infill between the precast beams resulting in
a delightful rainbow effect as each colour is cast along the beam by the morning sun
(Illustration 4.34).
Illustration 4.30: Steel truss and precast
concrete beams in construction (2003)
Illustration 4.32: Light prototype (2003)
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This was the first of the campus buildings to
incorporate waterless urinals in addition to
the composting toilets. The thermal systems
are again an advance, building on the
knowledge gained in the previous projects.
The Student Association was designed by the
architect and the architectural documentation
was prepared in-house by the Office of
Design. Mechanical engineering was by a
local firm, Daryl Ryan and Associates,
structural engineering by Peter Yttrup and
Associates, and hydraulic services by ÂCOR.
The CSU construction supervisor, André van
Egmond construction managed the project in
trade packages, and the contractors that have consistently been involved in the campus
buildings have by and large continued on this project. The building budget established in
1999 was $1.2m excluding external services, landscaping, kitchen fitout and equipment.
Thermal systems
The Student Association was insistent that comfort conditions should be able to be
maintained in a range equivalent to fully air conditioned building. This concern centred
around their perception of the conditions required for use of the building for private
functions, one of their key income generating activities.
The building has four zones; the dining/lounge area, kitchen, coldroom and toilet areas that
are handled in different ways involving a number of interactive components allowing the
comfort conditions to be controlled. The dining lounge area had a similar problem to the
lecture theatre in that there may be a few hundred of people in the large open space and
there were limited opportunities for the introduction of thermal mass using internal walls.
The floor slab provides mass storage with embedded XLPE pipe work to carry heated
water for supplementary heating. Thermal mass is enhanced by the development of precast
beams with embedded pipe work to carry chilled water for supplementary cooling
(Illustrations 4.35-4.36).
Illustration 4.34: Coloured glass infill (2003)
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Ceiling fans are installed throughout to ensure that the advantages of the sustained positive
temperatures of both the floor and ceiling mass are maximised. Night purge uses low level
air intake louvres and the clerestory. The same approach to thermal mass and heating is
used in the kitchen area, but supplementary cooling is from an evaporative cooler. The
coldroom is served by a split evaporator and condensing set. The toilet area and associated
corridor is heated, but not cooled.
The capacity for additional cooling was provided by a spray mist system on the roof to
reduce the heat gain through the roof. The system used rainwater collected in tanks which
was recirculated, and had the potential to be cooled at night by operation when the outside
and the roof temperatures dropped below the water temperature. The system was installed,
but has not been commissioned or used. The external courtyard area to the east is cooled
by the spray misting of the garden areas with water from the tanks.
Similar to the lecture theatre design, two 10,000 litre underground water tanks store water
at preferred temperatures, depending on the time of year. During the peak summer period,
both tanks store cooling water, similarly they store heating water during the winter period.
In the transitional periods between summer and winter one tank may store cold water, and
the other hot. Main water flow pumps ensure that the flow rate is maximised to ensure the
transfer of heat is most effective at the given temperature.
The passive cooling and heating methodology was predicted to provide satisfactory
comfort conditions for most periods of the year, with the exception of peak summer and
winter periods (Ryan, 2000, p. 5). To deal with peak demands, two in-line air to water heat
pumps are installed. This plant provides back-up cooling and heating in two ways. During
operational periods the temperature of the delivered water may be boosted to the desired
heating or cooling temperature. When the solar collectors are unable to provide enough
Illustration 4.35: Precast concrete beam- drawing
showing cooling pipework
Illustration 4.36: Precast concrete beam (2002)
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energy for adequate cooling or heating storage within the tanks, the heat pumps may be
used during off-peak periods to boost the storage temperatures if required.
4.4.3 School of Business
Construction of an office building for the School of Business commenced in 2003
(Illustration 4.37). The project is an adaptation of the SEIS office building and is planned to
allow for future expansion to double its size. The building is the first in the Rural Health
Precinct, but due to the staging requirements for the School of Rural Health, the School of
Business will initially occupy it.
The School of Business office building follows the model of the SEIS office building with
some improvements, based on experience, being incorporated, such as:
- dual thermal tanks;
- weather tight louvre vents under the windows;
- more explicit controls strategy.
Initially, the building was designed and documented as the School of Business, to integrate
with the SEIS office building. This was consistent with the site planning for a tight cluster
of building around the central pedestrian spine, and had certain economies associated with
this location. For example, the shared use of the ramped access, shared use of staff
amenities such as showers and seminar rooms, and close proximity to the electrical sub-
station. However, the new Vice-Chancellor decided that it would be better located in the
proposed Health precinct, and favoured not building on the ground in front of the SEIS
office building, as it provided an attractive landscaped setting for the buildings. He was
further concerned to spread the buildings out as much as possible to present a more
substantial impression of the campus.
This decision required re-documentation of the building for its new location, and raises
some questions about the future development of the campus. The inner ring of land served
Illustration 4.37: School of Business- north elevation
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by the central pedestrian spine will not support as much development if buildings are
spread out, therefore the campus will need to extend across the lower road much sooner
that originally planned.
Each cluster of buildings was planned to be economically served by a 500Kw electrical
sub-station and other mains services. The spreading out of buildings will result in more
costly servicing, longer walking distances, and a greater use of land for building.
4.4.4 Resource Centre
An $8m Resource Centre was planned to provide students and staff with a gateway to the
print, non-print and electronic information and services required to facilitate the learning,
teaching, and research mission of the University is proposed in the south-east segment of
the public hub. Design was programmed for
2003, and construction in 2004-05, however
this project has been delayed due to lack of
funding and uncertainty regarding future
funding of the School of Rural Health. The
author completed sketch plans for this project
(Illustration 4.38).
4.4.5 Health Precinct
The School of Rural Health, based on the city campus, remains isolated from the majority
of the University already relocated to the campus at Thurgoona, with consequent
operational inefficiencies. More critically, the split between the campuses will increasingly
limit opportunities for social, cultural and educational interaction between Schools.
Therefore, the University priority is to develop the School of Rural Health on the
Thurgoona campus, however this is dependent on further Commonwealth funding.
The author’s design concept for the School of Rural Health mirrors the University’s
pedagogical strategies, integrating a Health Clinic with the other academic facilities to
achieve a highly practical focus to the education and training of health professionals
(Illustration 4.39).
Stage One provides the necessary infrastructure for the development to proceed including
mains services, roads and car parks. Stage Two comprises the Health Clinic that
4.38: Resource Centre- design in progress (2003)
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incorporates the specialist teaching needs for
podiatry and speech pathology, and Stage A
of the office building to accommodate
approximately 20 staff and post graduate
students. Stage Three fulfils the currently
identified needs with a specialist teaching
building for occupational therapy,
physiotherapy and nursing, laboratories for
use by all streams and the Stage B of the
office building accommodating an additional
20 people.
4.5 Evaluation of a green campus
This thesis is reflective, not quantitative; the intention is to portray the architect’s design
experience in a way that enhances understandings about the nature of design problems
relevant to campus style office buildings. However, there is a need to validate effectiveness
of the case study project albeit constrained by the availability of information. On one hand
the effectiveness is related to the way the campus reveals something about nature and our
relationship with nature. On the other there is a need to examine the available quantitative
data on thermal performance, energy consumption, embodied energy, associated
greenhouse gas emissions, resource depletion and water consumption. There is also a need
for qualitative data that records user satisfaction with the project.
4.5.1 Learning experience
When Terry De Lacy, Head, SEIS and Director of the Johnstone Centre wrote that ‘When
anyone in Australia, or indeed internationally, thinks of ecologically sustainable design or
ESD education, or research, then the Thurgoona Campus of CSU should be in their
thinking’ (De Lacy Memo, 13 June, 1995), he was at least right about design. In terms of
ESD education the potential for the University to offer an integrated learning experience
has not been fully realised and the research opportunities are hardly touched upon.
The interactive educational uses of the Thurgoona campus environs encompass:
- management planning (collection of base line data, management planning for
educational and recreational use of campus environs, monitoring of a range of
environmental indicators in collaboration with other projects);
Illustration 4.39: School of Rural Health (2002)
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- catchment management studies (rehabilitation of catchment landscape, creek
restoration, monitoring of ground water levels);
- wetland studies and water quality monitoring (native flora and biota adaptation to
seasonal changes in water levels, water quality monitoring, development of artificial
wetlands to treat grey water for reuse on landscapes);
- archaeology (sites identified for assessing the impact of fire upon various raw
materials, and excavation; collection of rural architecture, archaeological and heritage
study);
- vegetation and fire management (flora and fauna baseline study, arboretum of exotic
trees from ecologically similar regions, trial plots identified for various studies);
- animal studies (bi-monthly bird surveys leading eventually to the establishment of self-
guided bird tours for students and visitors, ecology of bats on the campus);
- recreation and eco tourism (eco tourism studies, interpretive signage, recreation
management plan);
- Johnstone Centre for Research in Natural Resources and Society (Johnstone Centre
Herbarium comprising a reference collection of the upper Murray and Murrumbidgee
flora, including taxonomic, distribution and environmental data, Murray Valley
Arboretum, Informatics Laboratory providing on-line information from the herbarium
database);
- development of interpretative trails (buildings, landscape, water and cultural heritage
through the Thurgoona campus) is planned to be integrated with further social research
on the connectedness of the learning environment and to teaching, learning and
research practice.
There are many examples, commencing in the first year of occupation, of the growing
responsiveness, beyond that related to the curriculum, of staff and students to the campus
(Illustration 4.40). Initiatives, taken by staff
and students include involvement in the
LEAP training program, Botanica Cultura
gardens project, donated bicycles, a
permaculture garden, organised recycling of
waste, development of guidelines for living in
the building, and preparation of an
Environmental Management Plan (Harrison
and Mitchell 2001).
The Thurgoona campus experience presents an architectural, pedagological model,
‘learning by living’, that suggests a rethink of the educational setting as a learning tool in
its own right. The green ethic behind the campus architecture is unveiled by the
Illustration 4.40: Class being taught using campus
grounds (1999)
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deliberately visible integration of environmental design. This campus may influence
environmental attitudes and facilitate changing environmental behaviour.
The shaping of ‘learning by living’ through interactive educational experiences involves
adapting educational strategies to the local context. The University’s strategic development
of a locally grounded experiential learning model utilising the unique campus environs to
develop a globally informed curriculum is in its infancy. However, there are early
indications that this forward-thinking institution has established a practical educational
setting that supports students’ ability to integrate and recognise ethical propositions in a
world filled with increasing social and environmental change. Summaries of research and
reviews in the areas of thermal performance and water systems performance,
environmental management, and occupant satisfaction follow.
4.5.2 Thermal monitoring and performance
Peter Taylor, who is undertaking a Master’s thesis exploring the radiant heating and
cooling properties of rammed earth, and architecture lecturer Mark Luther (2001) have
studied the SEIS Office building in relation to the suitability of rammed earth wall
construction as an effective building envelope. They measured heat flux through the walls
and monitored temperatures at different heights and locations within three rooms which
were located on the north west corner first floor, south east corner first floor and internally
facing north ground floor. The analysis examined the influence of walls, floors, ceilings
and windows on temperatures in various rooms in the building.
Figure 4.14 shows the monitored performance of an office over a four day period at the
end of summer. The benefit of the night cooling strategy is evident. Stratification is
apparent throughout the period and should contribute to the night purge effect through the
high level louvres over the doors.
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FIGURE 4.14 Outside and inside air temperatures (south east first floor office)
Figure 4.15 shows the monitored heat flux in the wall of the same office over the same four
day period. Interpreting this data the authors concluded that the diffuse sky radiation
transmitted by the windows contributes considerably to the summer heat load. The thermal
lag was estimated to be 11 hours (2001, p. 4).
FIGURE 4.15 Heat Flux (east facing wall and includes fictitious, no mass flux)
(p. 4)
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FIGURE 4.16 Measured and predicted office
air temperatures- 20 ACH from midnight to
8am
(p. 7)
FIGURE 4.17 Measured and predicted office
air temperatures- increased night ventilation
and external insulation
(p. 8)
This is a limited view of the monitored data, however the study concludes that the
combination of night cooling and thermal mass makes a valuable contribution to cooling
the building.
In a later paper by Taylor, Fuller and Luther (2004), based on data recorded a few days
earlier, the performance of an office in the north west corner was examined, and the
cumulative effectiveness of enhanced air movement, insulation and use of the hydronic
cooling system were modelled. Five days were recorded and modelled from Monday 20
February to Friday 24 February 2001.
The study determined the acceptable summer comfort range of 23.5 to 26.8ºC operative
temperature at the 3pm humidity (typically 30%) with 0.5 insulating clothing value,
activity at 1.2 metabolic rate and air movement up to 0.15 m/s using ASHRAE 55
standards (p. 6). The operative temperature of the offices is examined between the hours of
8 am to 6pm.
Figure 4.16 shows the impact of increasing the air change rate of the night ventilation from
1.5 to 20 ACH. A continual drop in temperature can be observed until 8am when there is a
3˚C temperature rise due to heat loads and the temperature of the wall remaining higher
than the cooling air (p. 7). The increased
night ventilation rate will improve the office
operative temperature to within the
ASHRAE comfort range for more that 75%
of the time compared to about 50% of the
time during the measured days.
Figure 4.17 shows the cumulative impact of
adding 50mm of polystyrene insulation to
the outside of the external walls and above
the ceiling. The addition of insulation to the
mass indicates that the office operative
temperature would be largely within the
ASHRAE comfort range (p.8).
Figure 4.18 shows the cumulative impact of
running the hydronic cooling system
installed, but not operational at the time of
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FIGURE 4.18 Measured and predicted office
air temperatures- increased night ventilation,
external insulation and water circulation
(p. 9)
the study. The inlet water temperature was
set at 18ºC with a flow rate of 12 kg/s per
m² of the first level floor slab and the
ceiling slab and operated for 4 hours from
noon until 4 pm. The addition of hydronic
cooling indicates that that the office
operative temperature would be below the
ASHRAE comfort range for 75% of the
time (p.9).
The study acknowledges that the north west corner office would have greater exposure to
summer solar radiation than the rest of the offices and concludes that the buildings could
be successfully cooled using the modelled strategies (p. 9).
It would have been useful to have a variation of the study that examined the impact on
comfort conditions using strategies that are readily achievable, namely enhanced night
ventilation and moderate hydronic cooling. Such an analysis may have better informed the
practical improvement of the buildings. Nevertheless the study lays excellent groundwork
for improving the performance of the buildings, and for new building design.
For a number of reasons, it is reasonable to assume that the results of both studies are not
typical for the summer months, but represent a worse case scenario. The five day
monitoring period was at the end of summer and during the typically hottest month of
February with a 30.8˚C mean daily maximum temperature (Bureau of Meteorology, 2003).
November and December are cooler by 6.1 and 2.4˚C respectively (Bureau of
Meteorology, 2003). Although there are no monitored results throughout the summer
months, it is reasonable to assume that the thermal mass would be heated up by the end of
summer especially as the night time temperatures increase. Furthermore the monitoring
period was atypical in that the lowest recorded temperatures, which are so important to the
effectiveness of night purging, did not consistently approach the mean daily minimum for
February and January of 15.1 and 15.4˚C respectively (Bureau of Meteorology, 2003).
November and December likewise have lower minimum temperatures by 4.5 and 2˚C
respectively (Bureau of Meteorology, 2003).
The north-west corner office is acknowledged by the authors of the study to be the hottest
(p. 2). The south-east office is also in a corner which will have greater heat gain than the
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offices with only one external wall. Both offices are on the first floor which is consistently
warmer than the ground floor.
During the time of both studies, the internal louvres above the doors generally throughout
the office building were observed by the architect to be closed in about 50% of the offices,
and the impact of this was acknowledged by the authors (p. 6). This was largely due to two
factors, namely the high number of staff who closed the louvres to obtain acoustic privacy,
and as a matter of course when they were on holidays. An education campaign during the
summer of 2002, emphasising the direct relationship between the louvre being kept open at
night and the potential for cooling, realised a significant improvement.
The assumption of air movement up to 0.15 m/s does not take into account the use of
ceiling fans fitted in every room. The fans may create air movement of up to 0.5m/s at head
height (Taylor, 2002, p. 511) and up to 2m/s, although 1.5m/s is the practical limit that
would give 5K of apparent cooling (Szokolay, 2000). Nevertheless, it is useful to look at
the worst case scenario as a means of optimising the building performance if comfort
conditions are to be maintained throughout the year. The five day monitoring period was at
the end of summer and during the typically hottest month of February with a 30.8˚C mean
daily maximum temperature (Bureau of Meteorology, 2003).
On one of Ché Wall’s visits to the campus to advise on the problems being experienced
with the thermal performance of the project, monitored data was downloaded from the
BMS covering the three month period commencing 24 February 2001. The monitored data
only covers a limited period, it fortuitously includes the coldest month and the tail end of a
hot spell in February. A select set of the data is at Appendix G. Figure 4.19 puts the Taylor
study in a larger context of the monitored temperatures during the subsequent two weeks.
Figure 4.20 gives closer look at Saturday 24 February, the day following Taylor’s study,
which indicates that much of the building was within the acceptable summer comfort range
of 23.5 to 26.8ºC operative temperature he established. By Monday 26 February
temperatures were well within the comfort zone. The graph shows that temperatures appear
to have been at their peak during the Taylor study; however it is probably fair to say, from
the architect’s memory, that there were about four to five weeks of uncomfortable
temperatures in January and February. Reference to the full data set shows that
temperatures continued to fall after 24 February.
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FIGURE 4.19 Outside air temperature and average internal temperature (14 day period
commencing 24 Feb 2001)
Steve Szokolay in commenting on the thesis in November 2005, notes that although the
indoor temperature slightly exceeds the ASHRAE limit of 26 °C, it is well within the
limits if calculated using Auliciem’s method.
TABLE 4.20 Internal air temperatures- Saturday 24 February 2001
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Figure 4.21 shows the temperatures recorded in the office building on a fairly typical
March day which indicates internal temperatures reasonably within the comfort range for
March of 21.4-26.4˚C.
FIGURE 4.21 Internal air temperatures- Tuesday 13 March 2001
The building maintains very stable and comfortable temperatures without heating or
cooling throughout March and most of April. Figure 4.22 looks at Saturday 17 March,
although not a weekday which would be more typical, it does show that a stable
temperature is maintained despite a relatively warm day and night.
The internal winter set points of 23°C in the day and 21°C at night result in inefficient
prolonged heating operation. This is compounded by the use of average zone temperatures
to inform the heating operation.
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FIGURE 4.22 Internal air temperatures- Saturday 17 March 2001
The heating was activated on Friday 1 April, and the solar tank commenced heating on the
same day. It took three days for the temperature to rise from 19.7˚C to 40.4˚C, however the
heating system did not use the solar water. Figure 4.23 shows that the boiler assisted
heating maintained stable internal temperatures on a fairly typical day in April within the
comfort limits of 20-25˚C.
It is difficult to analyse the boiler use because the leaving temperature is not actually the
temperature that is delivered to the hydronic heating system. The hot water is mixed down
to the appropriate call temperature. It is therefore quite possible that the solar tank, which
is only being utilised if the call temperature is 10ºC less than the tank temperature, would
be very effective at certain times during the heating cycle.
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FIGURE 4.23 Internal air temperatures- Wednesday 4 April 2001
Figure 4.24 shows the operation of the boiler on a fairly mild day in April. These days are
perfect for the solar system. The tank reached 45.8˚C and the boiler was only in use for a
limited time. It appears that for at least half that time, the solar tank could have been used.
FIGURE 4.24 Boiler and solar operation- Wednesday 18 April 2001
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Wednesday 18, Thursday 19 and most of Friday 20April were interesting, somewhat
warmer days that did not require any heating from the boiler, the minimum recorded in any
zone was 21.2 ˚C and the maximum was 24.4˚C. The solar tank was sitting at between 44
and 47˚C for most of this time. It appears that the solar system supplied heating for some
of this time, however at 10:45pm on Friday the boiler kicked in when the solar tank was at
35.6˚C. It is not possible to determine when the solar system supplied heating, for example
there is no record of the operation of the hydronic circulation pumps or any other
monitoring that definitively establishes the operation. It is possible to make a guess based
on the rise and fall of the tank temperature; and it appears that very little use was made of
the solar tank water. The reason for this is partly related to the call temperatures of the
BMS which is discussed in the following section.
Figure 4.25 shows the internal temperatures recorded for Friday 1 June, a typical winter
day. The boiler assisted heating maintained stable internal temperatures within the comfort
limits of 17.8-22.8˚C throughout most of the rooms. Overheating is evident in some of the
northern rooms on the ground floor, the result of the omission of zoning control and use of
average temperatures by the BMS which is discussed in the following section.
FIGURE 4.25 Internal air temperatures- Friday 1 June 2001
Figure 4.26 shows the operation of the boiler and solar system on this day. Here again it
appears that use of the solar heated water could be effective.
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FIGURE 4.26 Boiler and solar operation- Friday 1 June 2001
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Figure 4.27 shows the internal temperatures recorded for Tuesday 3 July, the coldest day
monitored. The boiler assisted heating maintained stable internal temperatures within THE
comfort limits of 17.5-22.5˚C.
FIGURE 4.27 Internal air temperatures- Tuesday 3 July 2001
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Figure 4.28 shows the operation of the boiler and solar system on this day. Similarly it
appears that use of the solar heated water could be effective, although it is not known how
quickly the solar heated tank water would take to cool down.
FIGURE 4.28 Boiler and solar operation- Tuesday 3 July 2001
The solar transfer system to the tank was very inefficient; the high temperatures observed
being produced by the solar panels did not have the impact on the tank temperatures that
had been anticipated. The solar panels have been observed producing water well in excess
of 60˚C. The tank and the pipes need more insulation and probably a longer exchange coil
would improve the performance of the system. On average during June, the panels
operated for just over five hours a day, from 10:30am to 3:30 pm. As the boiler was always
working during these times, it appears that direct use of the solar heated water may be
warranted. This may well prove to be a simpler system if the need for thermal exchange
and storage could be eliminated.
It was not possible to draw any conclusions about the potential of the hydronic cooling
system to knock the peak temperatures down during January and February. Unfortunately
the system errantly went into heating mode near the end of December and fully heated the
tank. The night temperatures typically start to warm up during January and February, so for
the cooling system to be effective, the cold water needs to be stored until this period and
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used very judiciously. Moreover the hydronic system was not operating over the summer
periods due to a fault in the programming.
4.5.3 Building management
On Friday 28 April, 2000 a Thermal Performance Workshop was held in response to the
architect’s concern that the building systems had never been commissioned and that a
number of faults had been observed. The agenda (Webster-Mannison, 2000) was to
examine the Offices, Teaching Building, Herbarium, the Lecture Theatre and Residences
in relation to the following issues:
- design, construction, maintenance and performance of the night purge, slab heating,
solar collection, water storage, lake cooling, herbarium pressurisation;
- related building issues, eg., access to high level actuators and weather station,
insulation;
- commissioning of the systems, plant and building automation system;
- optimisation of the performance, controls adjustment and building rectification.
The workshop was attended by the architect, representatives of the thermal consultants,
construction supervision team, maintenance team, thermal systems contractors, Division of
Information Technology, and building automation system contractors. A Schedule of
Issues and Actions were identified and the group agreed that certain action should be
undertaken, the system operation needed to be fixed for one year without alteration, and
then reviewed in light of monitored data and analysis (Webster-Mannison, 2000). In July
2001 another workshop with largely the same attendance was held to assess the progress
on the recommendations of the Schedule of Issues and Actions. Unfortunately, the
University had done little to follow-up the recommended action. The Schedule of Issues
and Actions was updated and a summary of the Schedule, omitting responsibilities and
comments appears in Appendix G.
To improve the performance of the buildings the key issues are as follows:
Construction issues
1. Boilers installed to SEIS building were not energy efficient as specified (valving
arrangement of the installed boilers varies the volume flow rate through the boilers
rather than operating at part flow as specified).
2. Zoning controls were not correct for SEIS office buildings or Lecture Theatre (east and
west pods are currently only zoned for ground and first floors and have only one
manifold for each slab, and no north-south zoning).
3. No insulation was installed to the first floor ceilings to the SEIS office buildings or
Lecture Theatre, no insulation was installed to the thermal chimneys in Lecture Theatre
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and the insulation to the thermal tanks was insufficient. The roof space was ventilated
to improve summer conditions therefore the foil backed insulation installed to the
underside of the roof sheeting should be supplemented with foil backed insulation to
the top of the slab with the foil facing up.
4. The night ventilation louvres in the SEIS office buildings are not forming an adequate
seal when they are closed-off which permits outside hot air to be blown in during the
summer and heat loss from the building in the winter. Some form of seal is required to
the louvres for winter operation. Louvres should have a weather tight seal and insulated
blades.
Controls programming issues
5. Overheating in summer when night cooling is limited. Night purge operation appears to
be incorrect in the controls logic. Louvres should operate according to individual zone
temperature, not averaged temperatures.
6. The night purge louvres in the cottages have been blocked off by Building and Grounds
largely due to complaints about the noise of the vent operation at night which were
responding at 15 minute intervals. However this may be rectified by controlling the
night purge cycle to open when first called on and close at say, 8.00am and modulating
the opening of upper level louvres.
7. Lecture Theatre auditorium steps may be used for cooling (currently only used for
heating). AEC to advise based on monitored results, as if not needed then all available
cooling should be used for teaching rooms.
8. Building and Grounds have a tendency to override the control system (eg operation of
the louvres, temperature settings) without understanding the correct operation and
ramifications of intervention.
9. Zoning of all areas not programmed (eg north/south, ground/first, separate rooms).
Each zone should be treated individually as specified, not based on averages.
10. Underfloor heating supply set points is being scheduled by outside temperature, but
should be scheduled by zone temperature (highest zone temperature), then by a
proportional band. In zones where higher temperature water is not required, water
temperature should be modulated down by valves. Supply temperature should be at
30°C and vary upwards depending on call temperature. Energy management is not
optimised.
11. The thermal tank logic is incorrect (i.e. in winter the system will only take from
thermal tank if the water is 10°C greater that the call temperature). Monitoring is
required to determine the optimum temperature, however a setting of 2°C difference
would be a good starting point to improve the efficiency of the system.
12. The seasonal changeover periods are currently 1st May and 1st November, with no
transition and not as specified. The seasonal changeover logic needs to be fine tuned
recognising that the logic for each building type may be different.
13. The internal temperature set points in buildings of 23°C and night at 21°C are
inefficient. Winter night set point should be no greater that 18°C and daytime should be
in the order of 20-21°C. The logic controlling rescheduling of heating water set points
is also not optimum.
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14. The programming logic for cooling the tanks in summer is incorrect (i.e. warmer tank
water is called for as the temperature outside rises, but the lowest temperature water
should be sourced).
15. The programming logic for the slab cooling on the upper level is unclear. Cooling
should be controlled by zone temperature. Cooling should be only through first floor
slab and ceiling.
16. There is no wind control on chimneys which is allowing hot dry summer winds to blow
into the buildings. Office building chimneys louvres should have north/south control
relative to wind direction (eg if wind is blowing from the north, north side shuts, south
side opens).
Other issues
17. The effectiveness of night cooling depends on the office transfer louvres being left in
an open position which is not consistently adhered to by staff.
18. The system has not been commissioned, the building operations have not been
monitored and fine tuned, there is no trained CSU staff to manage the system and no
maintenance agreement with an external service provider.
19. Water noise travelling through lecture theatre plenum from evaporative cooling system
means that Building and Grounds have overridden the operation of the evaporative
cooling and it is not run at all.
(Webster-Mannison, 2000, 2001, 2003)
Generally the controls logic did not sufficiently meet the design intent; however this
largely reflects the unusual nature of the buildings which was not fully understood by the
programmer and the disregard by CSU for even ordinary commissioning procedures, let
alone a monitoring and fine tuning process. It is necessary to fix operation of system and
then, once rectified, to measure a complete year of performance. Once the buildings have
been monitored over this time frame, faults may be rectified and fine tuning of the
buildings may take place. There is a need for ongoing review and analysis of monitored
data, and regular reporting from the system (e.g. failed points, critical systems, temperature
performance monitoring, etc). The building occupants need to be better informed to ensure
that there is a high level of understanding of how to ‘operate’ the building.
User guides
The Environmental Management Plan (Harrison and Mitchell 2001) established guidelines
for occupants to maximise the efficiency of environmentally friendly aspects of buildings,
and particular recommendations for the residential cottages, waste minimisation and use of
recyclable materials. The guidelines were placed in each office/room and are reproduced
inAppendix I.
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The plan proposed all occupants of the cottages be given an information session, tour and a
copy of ‘Welcome to the Rothwell’s’ (Mitchell 2000) at the beginning of each new
University year and a follow-up session about one month afterwards to discuss the
experiences, questions and suggestions of the residents (p.13). The aim was to give new
students an understanding of the unique design and development of the University
generally, and how to manage the thermal environment of the cottages and interaction with
the greywater systems, specifically. The plan further recommended that the University
should supply the cottages with environmentally friendly cleaning and laundry products to
reduce the potential for toxic chemicals entering the greywater treatment wetlands (p.13).
The plan detailed management procedures for information and training sessions, buildings
and waste management.
4.5.4 Energy use
Operational energy
In the Australian Building Energy Case Study by Anne-Marie Willis (2000) the electricity
consumption of the SEIS office buildings was analysed. Figure 4.29 compares the
electricity consumption of the SEIS buildings to the benchmarks established by the
Building Owners and Managers Association (1994), using their low energy offices' target
for Canberra which was the location nearest to Albury-Wodonga.
FIGURE 4.29 Annual energy use: SEIS Offices
ANNUAL ELECTRICITY CONSUMPTION BY END USE (MJ/m2 per yr)
Thurgoona New
Office Building
BOMA Target for low
energy offices (ACT)
Thurgoona’s % below
benchmark
Interior lighting breakdown not known 130
Ventilation & pumping ditto 50
Office equipment ditto 43
Cooling ditto 29
Lifts n/a 25
Total electricity 179.5 277 35%
(Willis, 2000)
Julie Tonkin (2003) of Charles Sturt University examined the electricity consumption
across the University to determine its impact on funding over the following five year
period from 2003-8. Figure 4.30 compares the Thurgoona campus buildings with the other
CSU campuses.
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FIGURE 4.30 Annual energy use: comparison of CSU campuses (kWh/yr used per m2 of GFA)
Wagga
Wagga
(Boorooma)
Wagga
Wagga
(South)
Bathurst Albury Thurgoona
(Former
AWDC )
Thurgoona
(CD Blake
Lecture
Theatre)
Thurgoona
(SEIS )
Dubbo University
(Average)
96.34 74.33 95.35 91.59 113.52 46.97 49.27 84.84 93.7
(Tonkin, p.6)
Embodied and life-cycle energy
It is estimated that embodied energy is 20-50 times the annual operational energy of most
residential, commercial and institutional buildings in Australia. The national yearly
embodied energy of construction is close to the annual operational energy usage, which
combined comprise 30-40% of national energy use and greenhouse emissions (Treloar, Fay
et al., 2001, p. 139).
Although the embodied energy of the project has not been estimated, it is reasonable to
assume based on the use of rammed earth, recycled timber, bricks, glass and steel and the
minimisation of applied finishes, and timber roof construction that it is significantly lower
than traditional construction of this scale. Therefore, the reduced embodied energy of the
Thurgoona buildings is an important component of its overall energy use and life-cycle
assessment.
The most important aspect of the life-cycle energy of a building may be the embodied
energy of the fixtures furniture and fittings, followed by the operational energy and then
the embodied energy of the construction (Treloar, et al, p. 407, 1999). The importance of
embodied energy was recognised in the selection of materials, furniture and fittings for the
Thurgoona project, however this was not quantified. Transport energy was significantly
reduced by the local manufacture and direct supply to the site of the majority of the light
fittings, all the joinery, desks, tables and notice boards, and the building in of the desk
returns in each of the offices. As discussed earlier in the chapter recycled timber was a
component of the joinery and furniture. The light fittings are of a simple design with very
few components and would be likely to have a very low embodied energy compared to the
equivalent commercially produced item. Filing cabinets were of a sturdy metal
construction and fitted with wheels for flexibility in use. The wool covered desk chairs
were equivalent to the standard CSU purchase, and a higher quality chair would be
probably be worthwhile to reduce the churn rate and recognising the increased comfort of a
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more ergonomic choice. Visitor chairs were plywood. The minimisation of plastic and
other toxic materials was a significant consideration in the selection of furnishings.
The churn factor for furniture, fixtures and fittings at CSU is very low, largely driven by
the need to replace broken items, and given the architect’s 10 year experience at CSU, a
reasonable estimate would be no greater than 15 years for the locally produced items used
on this project.
Likewise, repairs and maintenance are generally on an as needs basis, and often dependant
on funding rather than a needs assessment or a routine maintenance strategy. It is not
possible to estimate the maintenance likely to be undertaken. The rammed earth is coated
to improve waterproofing and although manufacturers claim they require no maintenance,
the life of the sealant is not known. The first building to be constructed, the Student
Pavilion is 10 years old, and shows no signs of requiring a new coat of sealant.
In relation to life-cycle assessment it has been suggested that using recycled materials may
be more beneficial in the short term than optimisation of operational energy efficiency
(Treloar, 2000, p. 193). It has been suggested that the use of recycled material should be
credited with an embodied energy saving based on the embodied energy of an equivalent
new product, discounted by the embodied energy associated with the recycled product. It is
also important to consider the ability to recycle the materials used in the building, although
given that there is no way of knowing if and when that may happen, it is difficult to take
this into account in evaluating the life-cycle of a building.
4.5.5 Environmental monitoring and performance
The Environmental Management Plan (Harrison and Mitchell 2001) provided strategies for
the ongoing management and development of the site. The plan established operational
procedures for the use of buildings, care of flora and fauna, control of pest plants and
animals, management of land disturbance, management of water resources, protection of
heritage sites and occupational health and safety issues. The plan recommends
performance monitoring followed by ongoing appraisal and revision of the plan (p.57).
The performance of the water systems is monitored, evaluated and reported as required by
the Albury City Council’s development approval conditions, however the other areas
covered by the plan have yet to be dealt with formally by the University. The
Environmental Management Plan covers land use factors and water pollution, but does not
deal specifically with air pollution issues or CO2 impact. It is important to evaluate the
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range of greenhouse impacts and the impacts of air pollutants, oxides of nitrogen and
sulfur, fine particles and aerosols, health hazards such as from heavy metals, VOCs,
fluoride, land degradation and waste management. It is however beyond the scope of this
thesis to analyse the greenhouse impacts and the even more complicated life-cycle impacts.
Ecology
The conservation of biological diversity and the minimisation of on-site and off-site
environmental damage are underlying principles of the Environmental Management Plan
(Harrison and Mitchell, 2001).
Land Use
The campus has been divided into seven indicative land use management zones which are
described in Appendix J:
- Zone 1: northern section of the campus, including reservoirs;
- Zone 2: buildings, car parks, and other high usage areas;
- Zone 3: greywater treatment wetland systems;
- Zone 4: vegetated area in south eastern section of campus behind State Forests
building;
- Zone 5: vegetated area around residential greywater treatment ponds;
- Zone 6: hilltop area including turkey nest dams;
- Zone 7: small area located in the eastern section of the campus adjacent to Old Sydney
Road.
The plan sets out strategies for returning the site to ‘a stable, self-sustaining and self-
optimising condition through regeneration and revegetation practices’ (Harrison and
Mitchell, 2001, p. 5).
Vegetation and Habitat
The landscaping of the campus is predominantly local native species and based on the
principles of low maintenance and low water use. The exception is the phytogeographic
arboretum which is based on plants from ecologically similar regions and therefore
upholds these principles, although additional watering and mulching may be required.
The student initiative of a permaculture garden is planted with fruit trees, vegetable and
herbs and supported by composted kitchen waste. Although a small beginning the
permaculture garden makes a powerful statement about sustainable living.
The campus site was degraded pasture land and dominated by introduced weed species.
Priority should be given to the control of weed and preventing new invasions from
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eventuating. The Environmental Management Plan presents strategies for weed control and
deals specifically with the control of the noxious weeds Paterson's Curse, St John's Wort,
Blackberry and African Lovegrass, the prevalent weed species of Cootamundra Wattle and
Feather Grass and various aquatic weeds.
The storm water reservoirs are potentially significant wetland habitats for many species,
contributing to the biodiversity of the local region as well as the campus. Removal of
habitat is the most significant risk to the fauna on the campus and vegetation should only
be removed if absolutely necessary (p. 28). One flora and fauna survey has been
undertaken and the Environmental Management Plan recommends that a comprehensive
fauna survey is recommended every 2-5 years as an indication of biodiversity on the
campus (p. 28).
Non toxic control methods for pest species such as cockroaches, alien bees and wasps and
environmentally sensitive controls for rodents, such as traps, are recommended.
The Environmental Management Plan establishes Procedures for Vegetation Management,
Procedures for Managing Native Fauna and Options for Dealing with Large Green Waste
Items. The plan also sets out strategies for minimising land disturbance which is likely to
result from construction activities. These strategies cover de-watering, sediment control
devices, post construction sediment and erosion control, existing erosion, dust control,
management of stockpiles, storage of toxic products, access to construction sites, noise,
monitoring, waste minimisation for construction sites, car parks and vehicle access.
Water Use
Significantly reduced water consumption is observable, however the campus has not been
thoroughly analysed in terms of water used for irrigation. Metered water consumption for
one year (17/9/01-10/9/02) for the former AWDC building was 2320 kilolitres, compared
to 48 kilolitres in the SEIS building. Taking into account the relative gross floor areas, the
former AWDC building used 525 l/m² and SEIS building 25 l/m² in the year.
Stormwater
In May 1999 David Mitchell, the water management consultant for the project, was
engaged to monitor and report on the performance of the stormwater management systems,
grey water treatment wetlands in the SEIS precinct and the composting toilets, and to
recommend procedures for the efficient operation and maintenance of the water systems.
261
The Department of Land and Water Conservation required testing of the depth and quality
groundwater in the vicinity of the grey water treatment systems every 3 months for
nitrates, salinity and groundwater levels. The 1999-2000 monitoring report found no
groundwater has been intercepted at the required 15 m testing depth. (Mitchell, Croft et al,
2000, p. 9). The water quality of the effluent from the primary ponds during this period
met the World Health Organisation’s specified standards for drinking water, the water was
clear with a slight earthy odour reminiscent of spring water, and tested negative for
thermotolerant coliform bacteria, the standard test for acceptable hygienic standards (p. 9).
Interestingly, the water quality of the stormwater reservoirs was consistently worse than
that of the grey water wetlands due to the low quality of the stormwater run-off and faecal
contamination of the water by ducks inhabiting the reservoirs (p. 9).
Grey water
The February 2003 report (Mitchell, Wilson et al, 2003) indicates that the systems continue
to operate well even throughout the recent drought. Due to the extreme drought, it has been
necessary to add town water to the primary treatment wetlands as the residual water was
evaporating too quickly to maintain healthy reed growth (p. 5). Also noted was excessive
weed growth due to the lack of maintenance which left unchecked could adversely affect
the effectiveness of the treatment systems (p. 8). The additional two residential cottages
may require some extension or modification of the system, but this will be assessed during
2004 (p. 8).
Composting Toilets
Typical of the random sampling of the compost extracted from CSU ‘Clivus Multrum’ dry
composting toilets the microbiological analyses shown in Figure 4.31 indicate that these
systems are functioning well.
FIGURE 4.31 Microbiological Analyses of Compost (February 2000)
Compost sample Total Viable Aerobic
Count
(CFU/g, 30ºC/72hrs)
Coliforms
(MPN / g)
E. coli
(MPN / g)
Salmonella
SEIS precinct 900,000,000 >160,000 <2 Not detected/12g
Lecture theatre
precinct
140,000,000 1,100 79 Not detected/25g
(Mitchell, Croft et al, 2000, p. 4)
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4.5.6 Occupant satisfaction
The ABEC survey based on interviews with occupants gives an insightful coverage of the
views of those involved in the project. An additional survey, albeit unpublished, is
presented as it gives a comparative study with another academic office building in Albury-
Wodonga.
Australian Building Energy Council survey
The early involvement of staff in the decision making process and the engagement of staff
and students to undertake consultancy work was a critical factor in the ongoing support of
the project by staff. Anne-Marie Willis (2000) substantiates this view in her case study of
the Thurgoona campus for the Australian Building Energy Council that involved user
evaluation through interviews.
The designers consulted closely with staff who were to occupy the new buildings. This resulted
in some significant design changes in response to user priorities…. Ongoing involvement of
staff in the design process and pre-occupancy briefings were very important in gaining support
for the vision of an ecologically exemplary campus as well as in familiarising future occupants
with less familiar technologies.
Commenting on the social and cultural impact of the development, Willis points out the
ability of the environment to influence behaviour as follows:
In many large projects, social and cultural benefits are largely add-ons — aesthetic
improvements to the built environment, better street lighting, increased safety, maybe the
provision of a park and so on. Thurgoona’s social and cultural ambitions are far higher, in that
it aims to provide an exemplary environment for low impact living. Through its carefully
integrated systems of energy, water and waste management, it sets out to actually change
behaviour and thus contribute to cultural change towards more sustainable ways of living and
working. It will be some years before its success in this regard can be assessed. But the
informal user survey … carried out for this case study bodes well.
The informal user evaluation undertaken by Willis (2000) involved the interviewing of
students, administrative, academic and maintenance staff in small groups.
Thermal comfort in summer: Natural ventilation was viewed positively compared with the
former air conditioned AWDC building, and the ability to open windows regarded as a distinct
advantage. A staff member who kept a thermometer in his office and reported 28 as highest
summer temperature, which he felt was not good. It was noted that there was still some lack of
understanding about how the building functioned, e.g., which elements were automatic and
which manual, but this was seen as an issue of informal education. Some maintenance staff
were sceptical about the potential of the hydronic cooling system to perform in a really hot
summer, the School building having experienced only one relatively mild summer.
Thermal comfort in winter: Differences within the building were commented upon, the south
side ground floor being the coldest. Students were less favourable about winter conditions.
Administrative staff felt it was generally comfortable enough, with it being reported that only
two or three (of the 100) using supplementary heating in their offices during very cold periods.
Sound transmission: It was reported that because the natural ventilation strategy relies on
keeping fanlights above office doors open, conversations can be overheard in the circulation
spaces. One staff member said she closed the fanlight when she wanted to have a private
conversation, another said she had learnt to speak more quietly!
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Lighting: Nearly all reported that artificial light was only required on overcast days. The
building was visited on an overcast Spring day, and in fact most offices did not have their
lights on.
Composting toilets: Views varied, most liked the idea and had become used to them. Odour
problems with toilets on south side of building were reported, which have since been rectified
by altering the fan position.
What features do you particularly like? This elicited very enthusiastic responses: “materials,
energy system, fit-out — the total concept”; “the timber and natural treatments”; “the earthy
colours of walls, they’re very easy on the eye” , “the natural light and textures”, “the
composting toilets — makes me feel like I’m wasting water at home”; “best place I’ve ever
worked”, “an anti-stress environment”, “I’d like my future home to be like this” (a student).
What features do you particularly dislike? The only common response here was the complaint
about sound transmission and difficulty of having private conversations. Other responses were
more individualised: “access ramp is slippery when wet”, “door movement when windy”,
“composting toilets are high maintenance”; “landscaping is high maintenance because of hand
weeding rather than insecticide control”.
Willis (2000) makes an interesting observation that relates to the idea that how we design
will be a significant influence on facilitating appropriate cultural change.
What was striking about talking to staff and students, was that their degree of satisfaction
seemed to correlate very closely with the extent of their knowledge about the building. This is
no accident, as staff were closely consulted during the design process, and some actively
involved.
These thoughts bear out the architect’s casual observation over the years. Furthermore, in
working with the administrative decision-makers and some of the other less supportive
members of the University, it is interesting to notice that people that have a preconceived
negative attitude to the project and its aims, also have a tremendous resistance to acquiring
any detailed knowledge or understanding of it. Upon reflection, it is clear that a focus on
ecologically appropriate design creates a major need for communication and cultural
strategies. Questions about how we perceive our environment, and how we understand the
fundamental shift in the material and cultural values that has become necessary need be
asked about the design process and our behaviour in the spaces we occupy.
Peter Taylor survey
Peter Taylor (2002) conducted a comfort survey at the end of the summer to determine
occupant impressions of the thermal comfort over the summer months of the SEIS office
building compared to air-conditioned offices at a regional campus of La Trobe University
(LTU) in Wodonga which is 25km south of CSU. He acknowledges that the CSU building
was not commissioned and the hydronic cooling system not operational, but argues that
this presented a unique opportunity to comparatively study the impressions and adaptive
behaviour of office workers in potentially uncomfortable conditions. Taylor’s published
monitored data has been discussed in previous sections of this thesis. The HVAC system is
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set at 22˚C in the LTU offices; however temperatures were not monitored. The survey
results are based on 54 surveys returned for LTU, and 46 for CSU.
Figure 4.32 illustrates the responses to rating their building from too hot to too cold over
the summer months. Although some of the LTU occupants find the building too cold, most
find it neither too hot nor too cold. Many of the CSU occupants find the building
comfortable; however some find it too hot.
FIGURE 4.32 Temperature perception at CSU and LTU over the summer months
(p. 508)
Figure 4.33 shows the response of occupants to rating the buildings from a poor working
environment to a good working environment. Overall perception of the working
environment of CSU staff is only slightly lower at 4.46 than that of the LTU staff at 4.61.
Typical of staff comments from the CSU survey is the following comment: I love the
building and love the feel of it – love working in it (p. 510).
FIGURE 4.33 Working environment perception at CSU and LTU over the summer months
(p. 509)
Adaptive strategies people used to manage comfort conditions are shown in Figure 4.34.
The main strategy used at CSU is running the ceiling fans, which are not installed at LTU.
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FIGURE 4.34 LTU and CSU personal adaptation strategies
(p. 510)
The following comments made by the respondents show an understanding of the natural
ventilation at CSU and an appreciation of openable windows:
CSU
1. Turned fan on full all the time
2. Use the blind in the afternoon sometimes. I am on the south easterly side of the building.
On very hot days I would open the window early and close prior to 10am.
3. Shut window, shut blind, turn on fan.
4. Being able to open the window is wonderful!
5. Sometimes the building is a bit warm but I know that it is "Real Air" ie not processed air -
that it is fresh
LTU
1. needed to open the window to let some warm air in because some days the temperature was
too cold in room
2. closed blinds - no other controls available
3. an opening window to allow flow through fresh air would be a great idea
(p. 511)
Taylor concluded that ‘a recognition and active encouragement of the exploitation of
adaptive possibilities, combined with innovative building design, is needed to reduce
energy consumption and greenhouse gas emissions.’ (p. 512).
Occupant behaviour
Support for the project seemed to increase as people participated and got to know more
about the goals of the architectural approach and how the building and site processes
worked.
Not too long after the SEIS office building was opened staff prepared a ten page document
outlining principles, strategies and a vision for occupying the campus (Croft and Mitchell,
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1999). A draft was circulated for comment by all staff before finalisation. The principles
established for the attainment of environmental sustainability on the campus were:
• Working conditions for all staff and students should be intellectually stimulating and offer
a healthy and happy ambience.
• Consumption of natural resources should be minimised and resources, or their by-products
should be re-used and/or recycled after use, wherever possible.
• The best environmental practices available should be used to achieve harmony with the
environment.
• The campus should be used and promoted as a model of environmental management (p.
10).
Management strategies encompassed issues of water resources, vegetation soil, animal
populations and the working environment. The vision proposed was as follows:
The new Thurgoona Campus of Charles Sturt University in Albury-Wodonga is a pioneering
venture, bringing together a wide range of environmentally sensitive, resource conservative
practices into a holistic design that is especially suited for Australian conditions. It is both
visionary and practical. It builds on past experience and breaks new ground. It is committed to
the use of the best management practices to attain the goal of an environmentally sustainable
development that is distinctively Australian, and that will provide long-term service to
Australian society (p. 9).
4.5.7 Critical Acclaim
Peer recognition has been significant, with the project receiving a significant number of
state, national and international awards.
International credit came with a First Place in the professional category of the International
Design Resource Awards for the Thurgoona Campus in 2001. These awards were initiated
in 1993 by the Design Resource Institute and the Johnson Design Studio with the aim of
encouraging ecologically sustainable design in new products and architecture. The winning
entries were exhibited at the Seattle Art Museum before commencing a touring exhibition
around the United States of America, Japan and Northern Ireland. At an international
conference of the Passive and Low Energy Association, PLEA’99, Sustaining the future,
the architect received the Best Paper Award for a paper discussing the development of the
Thurgoona campus.
National acknowledgment by the building industry given by Master Builders Australia
(MBA) by the granting of the MBA National Energy Efficiency Award, and the MBA
National Resource Efficiency Award, for the Thurgoona Campus in 2000. Both awards
were in the commercial building category, the former being for notable achievement in
relation to energy efficiency, and the latter for resource efficiency and waste management
initiatives. In presenting these awards the architect was congratulated for her contribution
to ‘developing construction principles which are environmentally sustainable’ (Grinsell-
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Jones, 2000, p. 1). Further national industry based recognition came from the Water and
Waste Management Association Best Practice Award for Water Cycle Management, 1999
and the Metal Building Award, Certificate of Merit for the Teaching Complex, Thurgoona
Campus in 2000.
The RAIA Architecture Awards are the most established and important architectural
awards for architecture in Australia that mark a change in direction in the future of
architecture (Jahn, 2000, p. 1). The RAIA (NSW Chapter) Architecture Awards have been
presented since 1932. In presenting an RAIA (NSW Chapter) Architecture Award,
Ecologically Sustainable Design Award, Commendation for the Teaching Complex,
Thurgoona Campus (CSU), 2000, the jury commented that the project:
…has been developed with a full commitment to ESD principles. Every decision has endured
the rigour of ‘deep green’ analysis and accreditation by a highly knowledgable team of
consultants, creating a resource for other building designers (RAIA Awards, 2000, p. 36).
Similarly the jury for the Country Awards commented that ‘…the complex showed
innovation, commitment to its green ethics and acknowledgment of its setting, with a brave
statement to practice what it preaches’ when awarding the RAIA (NSW Chapter)
Architecture Awards, Blackett Award, Commendation for the School of Environmental
and Information Sciences (p. 39).
In 2001, at the RAIA (NSW Chapter) Architecture Awards, a Special Jury Award was
given to the architect in recognition of the building design and site planning of Thurgoona
campus, as well as the Country Division, Architecture Award (Non-Residential New) for
the CD Blake Lecture Theatre.
RiverCare 2000 is an initiative of the NSW Government and administered by the
Department of Land and Water Conservation. The awards program was established to
‘recognise community-minded individuals and groups who are working together for
healthy and productive riverine environments.’ (Rivercare 2000, p, 10) Achievement is a
staged process requiring the progressive assessment each year to climb up the ladder of
bronze, silver and gold awards before being eligible to receive the Award for Excellence in
2000. The Thurgoona campus participated in this program achieving the highest
recognition in the tertiary education category with the RiverCare 2000 Silver Award in
1996, the Gold Award in 1999 and the Award of Excellence in 2000.
These awards have been important in demonstrating to the University an appreciation of
the works by independent bodies. This has helped to build confidence in a development
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that is way outside the norms of people’s everyday experience of architecture. Likewise
publication of the work by authors other than the author of this thesis has played a role in
reaffirming the University’s pride in its achievement (Appendix B).
Lindsay Johnston (2000) sums up the emerging ‘taxonomy of green’ in Australian
architectural practice as ‘mid-green’- ‘high-embodied-energy building covered in sun
shading devices or photovoltaic panels’ (p. 54) and ‘deep green’-‘holistic low-energy or
resource efficient solutions that can deliver a sophisticated, comfortable and
environmentally sustainable life-style’ (p.54). He claims most contemporary
environmental architecture is ‘mid-green’, and that there are very few examples of ‘deep
green’ architecture in Australia. He chooses the Thurgoona campus of Charles Sturt
University to present as the deep green case study, stating that the ‘campus and buildings
are an exemplar of holistic and integrated design thinking…’ (p. 57)
Of this campus, Jan Howlin (2002), architectural journalist comments as follows:
…the greatest achievement of Thurgoona is not to be found in any individual building, but in
its absolute dedication to the creation of a healthy, stimulating, low impact environment and
the progress that is evident from one building to the next (p.18).
Andrew Walker-Morrison (2000) refers to the Thurgoona campus as a benchmark for
Australian architecture. Anne-Marie Willis (2000) substantiates this view in her case study
of the Thurgoona campus for the Australian Building Energy Council.
The ambitions of its designers were high and they have succeeded in creating a campus based
on far more rigorous principles of sustainability than any project of comparable size in
Australia.
It is not so much the actual buildings, but the bio-regional nature, the gentle 'vibes' and the
ethically informed design process that make the Thurgoona campus project a key subject
of this thesis.
But in its totality, the Thurgoona project is not replicable. It cannot be taken as a template to
apply to other situations because so much of its design has been driven by creative responses to
a local context — the nature of the site, its climate, available materials, trade skills and
environmental expertise. The design response has been equally informed by a complex
understanding of environmental impacts and an unswerving commitment to make these as
minimal as possible. Out of this commitment to sustainability, modulated by responsiveness to
circumstances, Thurgoona has been created as a distinctive place that has real ambience (very
rare for institutional buildings). That can’t just be copied. On the other hand, the disposition,
thinking and learning processes that have informed its design and delivery are eminently
transferable to other projects (Willis, 2000).
Andrew Mackenzie (2005) sums up the importance of the evolution and maturity of a
consistent approach to the campus planning and design when comparing the work with that
of Josef Plecnik’s Ljubljana city centre.
While creating a social environment different in so many ways, through a process decidedly
more consultative and collaborative, it is fair to say that the work of Marci Webster-
Mannison and the design team at Charles Sturt University (CSU), shares something of
Plecnik’s vision. That is, a commitment to sustained design development, successfully
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implemented over a number of years, using skilly construction techniques and a certain
organic, rhythmical legibility. Paths meander, timber ramps become moments of ceremony
and a small amphitheatre is less a place from which to hold court, than to simply linger
(p.86).
He laments that also like Plecnik, the fragmented process of architectural competition is
destined to replace the nurturing approach to the planning and design enjoyed by CSU to
date. Commenting on the Student Association building, he declares that it ‘… shows all the
characteristics of technical innovation, material richness and special generosity, which
distinguishes all the work of the CSU team to date’ (p.86).
Mackensie commends the courage and conviction of Professor Cliff Blake, the former
Vice Chancellor, ‘… in pursuing a new direction in design and in the entire process of
campus development’ (p86) and questions the change of approach to the delivery of new
buildings. Mackenzie’s praise of the ‘crafted sequence of rather special buildings’ (p86)
that form a ‘vigorous discussion on the virtues and values of sustainable architecture’
(p86) speaks not only of the design, but of the process.
4.6 Conclusion: Potential for improvement
Integrated design is complex, so many of the factors are interrelated and the design process
is iterative, not sequential. It is therefore difficult to comment on each design choice as
inevitably each choice will have a myriad of consequences. However, the design process in
this case is also evolutionary, so it is useful to make some attempt to recommend
improvements to the design.
To improve the thermal or operational energy performance of the buildings the following
issues should be considered:
- acceptance of increased comfort range;
- externally insulate mass or use mass internally only;
- double glazing;
- external louvred sunshades adjustable for glare;
- individually controlled low temperature radiators in lieu of in-floor hydronic system;
- ventilated roof space, appropriately insulated, that may be closed in winter;
- wind baffles to any air outlet vents (chimneys, louvres, vents, etc);
- weather tight seal and insulated blades to louvres;
- manually operated night cooling louvres;
- enhanced night ventilation;
- moderate hydronic cooling if narrow comfort range is important and hydronic in-floor
heating is provided;
- forced ventilation to assist night cooling.
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A dramatically different office building layout that comprised an external access verandah
wrapping around a double bank of offices with was proposed early in the design process,
but rejected by the user group because of the perceived discomfort of using the verandah
for circulation. This layout had some significant benefits including:
1. Optimisation of thermally massive construction as offices would be back to back with
more shared wall area.
2. Improved night cooling because chimney would be at the back of each office (one
chimney serving four offices on each floor) which would significantly reduce the
length of air movement path.
3. Reduced use of non-renewable material:
- corridor eliminated with consequent reduction in concrete floor and rammed
earth walls
- lightweight recycled timber construction of circulation space
- verandah roof replaces need for extensive sunshading.
4. Rammed earth is better protected from the elements.
Perhaps this option should have been examined more closely as staff often go outdoors in
all weather to go to classes, library, etc, use the central staff room, and to move between
the east and west wings. Countering this, the central corridor area has become a well used
place for informal social interaction. This option was raised again with the user group for
the School of Business, however it was likewise rejected and generally felt to represent a
lowering of standards.
It would be beneficial to have more data about the construction process eg. number of
truckloads of earth for ramming, transport components, waste management, loss factors of
materials, energy consumption, water usage, local material content, labour component of
various activities, etc. The use of non-toxic building materials with low embodied energy
generally went hand in hand with labour intensive construction, however there is a definite
social benefit in spending money on the employment of people rather than on highly
produced materials. Better records would certainly have aided the development of
embodied energy databases for this type of construction, and provided valuable feedback
to the design process.
There are many questions concerning the assumed convenience of the business as usual
approach in terms of contemporary materials, construction methods and highly
technological design solutions. For example, the assumptions that more complex,
supposedly improved and overly packaged, pre-formed materials are essentially better than
simpler more traditional materials needs to be questioned. The balance of ecological effects
of new products, construction methods and technological solutions to comfort control,
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needs to assess whether their use results in people becoming more dependent on wasteful,
high energy solutions, or more autonomous in relation to the products that the market
provides, local skills and resources, and behavioural responses to the place they make. The
power of design in shaping the social relations of a society is great. As the Vales point out
in relation to an alternative technology approach to an autonomous house, it ‘…depends on
the resources that can be collected on its site, and the technology that it uses to harvest
these resources needs to be simple, robust and controllable by the occupants. Only in this
way will the inhabitants of the house gain a sense of control which will allow them to use
their share of the Earth’s resources sensibly’ (p. 41, 2000).
The ecological necessity of reducing our reliance on highly technological environments,
and especially their delivery methods, underlies a further checklist of questions to be asked
before designing. Firstly the question is whether the building is really needed, then the
alternatives to a new building should be considered.
This chapter, and the preceding one, recorded the design activities and examined the built
outcomes of the main case study. The following chapter makes some observations about
the activity of designing, and summarises the design considerations encountered by the
architect whilst trying to steer an ethically and ecologically informed path through the
world of contemporary professional design practice.
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Chapter Five: Reflections on the integrated ecodesign of large
campus style buildings in the Australian context
Chapter One establishes the urgency for, and ethical responsibility of, designers to respond
in an environmentally sensitive manner. Chapter Two puts forward the reflective action
grounded narrative research methodology and introduces case studies as one of the tools of
analysis used in this thesis. The exploration of the formative case studies, the AGSO
project and a set of international buildings visited by the author, sets the scene for
reflection on the active design process and grounds the research in the context of a larger
body of work. Reflection on the case studies demonstrates the vinculum of an ethical
stance and the practice architecture. Chapter Three offers a glimpse of a design process in
practice at Charles Sturt University and describes the outcomes of an approach based on
environmental consciousness. Chapter Four begins by taking a slice through the Thurgoona
campus project to epitomise the design process as an example useful in coming to an
understanding about the nature of design problems, and concludes with an evaluation of the
campus.
This chapter starts by canvassing the case studies to learn about design by experience; this
learning involves the activity of designing, rather than the built outcome which is examined
in Chapters Three and Four in relation to the main case study. Key observations are
extracted to provide a framework for summarising the ‘brainstorm’ of overlapping design
considerations encountered by the author whilst engaged in an ecologically thoughtful
approach.
A two-step process, based on the reflective action grounded narrative research
methodology, is used to formulate recommendations which embody some environmental
implications to the design of large campus style building complexes. Initially a structure for
the integration of data is defined in Section 5.1, supported by the presentation of the full
checklist in Appendix K. In the tradition of action research, the checklist has an ethical
basis and was part of the process for deriving a framework for conceptualising ecodesign.
The preceding chapters define the context in which the author’s architectural practice takes
place, the environmental imperatives, an appropriate methodology, and give an account of
the design process of the main case study project. The largely narrative discourse thus far
lays the groundwork for this chapter to distil some clarification about considerations in the
design process from a series of mutually contingent events. This is an oversimplification of
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what goes on in reality and applying a structure to this distilled knowledge implies an order
and sequential chronology that is simply not present in the art of architecture. The
abstraction and justification of the architectural experience is symbolic and by no means
does it describe the evocative nature of architecture or the reiterative nature of the process
of creating architecture.
The story telling form of this thesis is inherently interpretative and as such is quite personal
in its telling and reading; the checklist structure for the integration of data is simply a
brainstorm of ideas that identifies a series of issues, encountered, discarded, iterated, re-
enacted and recorded. Therefore the consequent recommendations, like the story, only
cover a slice of the process. However, this partial description in a narrative form is a useful
way to share experience-based knowledge embedded in design practice, and in the
checklist form is a way of abstracting this knowledge and representing it in a generalised
form.
The chapter concludes with some reflection on the process of writing a thesis that extends
the theory of architecture by taking a rather personal journey through case studies of the
author’s experiences as a practitioner of architecture. The contribution and implications to
the practice of architecture of this ecodesign story are highlighted and areas of further
research identified.
5.1 Elucidation of change: Integration of data from case studies and
literature review
The elements of the author’s recent architectural experience have been traced through the
various case studies she conducted from 1989-99. The author’s experiences indicate that
architectural change can only occur when the designer attains a level of ethical
responsibility, and its relationship to the process of design is better understood.
The methodology is grounded in the realities of architectural practice through the
immediate and personal interpretation of the author’s role as a participant in the design
process. This thesis puts forward the belief that what the designer brings to the act strongly
affects what they get out of the act and aims to:
- suggest an ethical basis for ecodesign;
- help the designer define their ethical position;
- initiate application pathways for the designer through contemplation of their
experiences and that of others.
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5.1.1 Assumption of values
Pollution and resource depletion are pressing issues that may underpin the movement of
architectural ideas and practice towards the assumption of values that recognise ecological
concerns.
This section canvasses the case studies and literature review for the key indicators of
integration of ethical decision making in the design process. Values adopted in the design
process may reflect, not only the individual’s, but include the organisation’s ethics, that is
the design organisations, as well as developers, building occupants, institutions, and other
client bodies.
Roles
The roles of the designers and the combination of organisational techniques employed on a
particular project may be dictated by circumstances. Nevertheless, as Tony Fry (1999) puts
it, the role of the professional designer, in practical terms, is ‘…embracing the material,
social or symbolic environmental consequences of the impact of our actions’ (p. 290).
Jeffrey Cook (1991), educator, writer and founding member of Passive and Low Energy
Architecture (PLEA), calls for a radical reconceptualisation of our approach to the built
environment. Cook extends the role of designers to operate outside of the vacuum of the
current market driven nature of architectural services.
Everyone who shares in the use of the built environment, whether private and domestic, or
public and civic; whether it is in the infrastructure of roads, water works and waste systems, or
in the workplace or home; all participants must participate. In addition, all users must be
involved beyond the immediacy of current use (p. 5).
The SAS case study demonstrates the value and effectiveness of involving the users
throughout the design and construction process, to the company, as well as the architectural
team. The CEO and the Project Manager both emphasised the importance of this
involvement in the creation of new ideas. This design approach directly reflected the
company’s organisational philosophy that is also team based.
Likewise the ING established a multi-disciplinary team that included the users in an
atmosphere that was surprisingly non-hierarchal. The team approach contributed to a
number of important differences in the design compared to a more traditional approach,
including site selection, provision of views from every work station, openable windows,
non-toxic materials, and the consideration of pollution in the production of materials. The
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result has been a workplace that people are happy to be in, evidenced by the fall in
absenteeism and the desirability of working in the new building, and which is one of the
key reasons given by people wanting employment with the bank (Mackenzie, 1997).
The team structure for the School of Environmental and Information Sciences (SEIS) office
building at Thurgoona campus and key staff and students that contributed to the User
Committee on an consistent basis are listed at Appendix E. Users were included in the
team as consultants, namely David Mitchell as the water management consultant and Dirk
Spenneman as the heritage and archaeological consultant. However, other interaction with
the users was through User Committees. All staff were invited to the User Committee
meetings and the project’s progress was reported on at regular morning or afternoon tea
meetings which were well attended by the staff and post graduate students. Between
meetings plans were circulated within the School. As explained in Chapter Three, the
concept of User Committees was new, and the idea of users being fully part of the team
was not supported by the University. This was in part overcome by the inclusion of users in
the consultant team, and further by the close involvement of the staff in the design process.
For the most part, without going into a detailed analysis of the personalities, skills and
relationships, team members were committed in varying degrees to the key environmental
principles of the project. The critical difficulties lay with the lack of understanding of how
to apply the principles to detailed design. This was further complicated by use of a
consultant architect to document the project, the predominance of inexperienced
architectural staff resourced to the project by the consultant architect and remoteness of the
consultant documentation team and engineering consultants to the in-house design
architects.
These difficulties were not easy to overcome. The University did not have sufficient staff to
undertake the documentation, the author being the only architect employed by the
University at the time. This changed over time as the Office of Design was able to change
its staff profile from largely administrative to architectural.
Throughout the project there was a general problem with lack of sufficient detail and
coordination on the part of the documenting architects. The details and specifications
submitted by the documenting architects for the most part did not reflect the environmental
issues. There was a disappointing response to information and advice provided by the
design architects. Engineering consultants were not kept up to date with the most recent
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drawings and little face to face coordination was done despite all the consultants being
located in the same city. Consultants did not appear to be fully informed of the rationale
behind certain design decisions, which inhibited the potential for finding the best design
solutions.
The Office of Design being under resourced exacerbated this situation. The design
architect had a background in environmental design and had developed the site plan and
building concepts through to the sketch plan stage. She had lived through the construction
of the prototype building and carried much experience in her head. It was difficult to fully
anticipate the problems others on the team without this experience, would encounter.
Another surprising and disappointing aspect of strong attempts to build up the team’s
morale was subsequent over confident behaviour of a relatively inexperienced team. The
danger here is that if overconfidence suppresses the drive to keep questioning decisions and
assumptions and searching for solutions, it is quickly replaced by arrogance. As Director of
Design, the design architect had a University wide role, and found that her time was being
stretched by competing demands from the University’s robust building program on the
Bathurst and Wagga Wagga campuses. The timetable for documentation had been too tight,
but even so, the documentation process was far slower than expected and significantly
delayed construction.
Although the design process was made transparent to University administrators through
presentations and reporting and supported by the University Council and the Vice-
Chancellor, some obstacles were created, interestingly only on relatively small matters. For
example, the provision of venetian blinds, when curtains were standard, lowering of the
stormwater line, retrofitting insulation to ceiling slab, delays in landscaping and paths, and
cancelling of Building Automation Systems (BAS) training were all unnecessary obstacles.
The adversarial climate, created by some administrators, was the most discouraging aspect
of the project. Some people seem to be waiting and watching for any ‘failures’ in the
project and even promoted their likelihood, largely through inaction in their areas of
responsibility. On the other hand it was the overwhelming interest and support of the
majority of people involved including staff, students, builders, suppliers, visitors to the
campus, local authorities, friends and others that made the project so rewarding and joyful.
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The Thurgoona campus design experience was shaped by circumstances, which although
changing over the course of the six-year period studied by this thesis, generally remain
relevant today:
- the small size of the architectural design team;
- lack of experience of the architectural team with the exception of the senior design
architect;
- varying degree of support from other professionals;
- isolation of architectural design team from other consultants;
- lack of communication between consultants;
- varying commitment to green principles of team members and other professionals;
- interactive nature of trade package delivery by CSU;
- involvement of highly committed occupants of the building and site (before and after
occupation).
The lack of integration of the Thurgoona team, although typical of a traditional design
situation, was accentuated by the physical isolation of the architectural design team from
the consultants. However, the involvement of the SEIS, as occupants and consultants, as
well as the input from tradespeople during construction, was a remarkable contribution to
the design process.
In contrast, the AGSO project established a fully integrated team reaching its peak at
twenty-four members formed from permanent staff of the AGSO, ACS, consultants and
contractors. Initially, the team was housed in the headquarters building, but as the team
grew, rental premises were obtained nearby. The concept of an integrated team was not
foreign to the AGSO used to forming teams for scientific projects. It was the research focus
of the AGSO, and the domination of the Executive by scientists, that contributed
significantly to the support of a team approach. Likewise, the rationale of a research based
approach, resulting in such an innovative design proposal, was taken for granted by those
with a scientific background; a refreshing change from a client orientated profession
accustomed to the repetition of tried and tested ideas with proven market acceptance. The
AGSO was keen to participate in the design process, not only allocating a full time Project
Director and Laboratory Manager, but also undertaking in-house the feasibility study on
geothermal exchange.
By the isolating nature of the traditional organisational setting, the validity, reliability or
effectiveness of decisions is not easily questioned. The usual organisational setting does
not lend itself to discussion and integration of professional skills, particularly if the
emphasis is on the splitting up of roles according to expertise. A reliance on ‘experts’, or
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professionals, working autonomously can create unnecessary conflict and problems related
to lack of information, and failure of decisions when the rationale behind them is not
discussed.
Another problem with the expert role model is that the kind of professionals necessary for
working on the range of environmental issues inherent in a large building project still don’t
exist, or are rare to find, or inaccessible. The problems faced in striving for the ideal team
are well recognised by Hellmuth, Obata + Kassabaum (HOK), one the largest multi-
disciplinary design firms in world.
As with most ideals, this is not likely to be the case for some time. In most cases, the team will
be made up of individuals or firms with little prior experience with sustainable design and a
great deal of uncertainty on how to proceed. (Mendler & Odell, 2000, p. 21)
The key focus of K-Konsult, designers of Överkikarn, is research and development, and
innovation. That, combined with their approach to forming an integrated team from their
multi-disciplinary organisation for each project, results in more comprehensive solutions to
design problems.
The importance of innovation was a feature stressed by many of the designers involved in
the case studies. As the engineer for Gateway 2 reflects, it is by working with the users
both during design and in the operation of the building that ‘intelligent experimentation’
can really clarify the choices (Marriott, 1990).
David Turrent and Mel Barlex comment on the necessity for teamwork on a learning
resource centre project.
The team sought a holistic approach that integrated the design input of the architect, engineer
and landscape architect. By assembling the design team at the start of the project and by
working closely with client representatives, the cross fertilisation essential in green design
emerged without difficulty (p. 106).
A team approach based on careful reasoning through the problem, questioning of ‘results’
and including contributions from ‘non-professionals’ facilitates an integrated response to
design decision making.
Values
The establishment of a reasonably shared set of values for the team is a comparative
process. The team must judge issues, debate options, plan activities, reach decisions,
establish standards, resolve differences, change patterns, exert influence, decide right from
wrong. The architectural practice can greatly influence the individual’s decisions and
actions by providing a reference for appropriate or acceptable behaviour. Although the
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practice’s values are critical components in shaping the individual’s behaviour and
providing some ethical and moral direction, how may we proceed to implement the shared
values to support ethical decision-making?
In the case of Överkaren, importance was placed on the need to reflect the cooperative
nature of the organisation. This was expressed in the design by providing views of, and
contact with, the working areas from the main public space. Quite different from the ‘one
stop shop’ approach that has become typical of many government and corporate
headquarter buildings in Australia where the front counter is as close as you get to the
workings of the organisation.
The SAS briefed their designers to reflect their corporate image, a modern, efficient and
open organisation, as well as epitomise the corporate philosophy of freedom with
responsibility. This led to the creation of an office environment that emulated the activities
of a small community that demonstrated an innovative approach to low energy design.
The values driving Kristallen were perhaps not that fundamentally different to those of any
developer; however, the design outcome was certainly an exception to the stock solutions
of speculative office design. The enlightened marketing approach was to create a healthy
building, with a high degree of individual control, which is energy efficient and therefore
low cost to run. The project manager recognised the importance not only of an integrated
team approach, but also the initial and ongoing education of the team throughout the design
process was considered essential.
The values inherent in the Thurgoona campus design were initiated by the design architect
through a process of education largely involving the detailed step-by-step explanation of the
rationale behind the design decisions. It is perhaps understandable that, on the part of the
University, the starting point in the design of the new campus should be the existing CSU
campuses. In particular, the Wagga Wagga campus was assumed to be the positive model. It had
been economically developed over a very short time frame, with ‘standard’ office blocks and
generic teaching facilities. The attitude of ‘more of the same’ is an inherently dangerous line of
thinking, as it does not allow the necessary change in decision making processes that historically
did not consider ecological consequences. To create change is risky, of course not everything is
known, nor is there sufficient understanding of how to build the kind of communities that work.
However, with the tremendous level of support from the SEIS and the Albury Campus Advisory
Committee, approval was given to an ecologically responsible design approach.
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The attitudes and values of the AGSO team were highly varied, ranging from highly
committed to environmental design; thinking it’s a good idea, but not very practical; it’s
just a job, perhaps a bit more interesting than others; it’s too expensive; this is crazy, to it
won’t work. A fairly dramatic change, strengthening confidence in the more innovative
aspects of the project took place through the course of the project. A turning point for some
was the study tour of passive buildings in northern Europe which was widely discussed
with the whole team and the organisation. It is interesting, therefore, to briefly examine the
impact of the tour on the participants in terms of the roles they played within the project
itself, i.e.: Head of Business Management, Project Director, Mechanical Engineer, User
Representative and Laboratory Manager, and Project Architect.
The Head, Business Management (AGSO), although not directly part of the team, had senior
executive management responsibility for the project. He wanted to participate in the tour to ensure
first hand that the techniques selected for the AGSO project were viable. He consistently
supported the development of an environmental design approach, fundamentally because he
thought it made sense. As a relatively impartial participant, he may not initially have had an
appreciation for what environmental design might mean architecturally, or the scope of change that
architectural innovations had for management practices. His participation turned out to be
essential, as he became not only a politically significant proponent of the innovative architectural
aspects of the project, but also an advocate of quite radical management changes. None of team
could help but be impressed by the fervour, pride, and commitment of the building occupiers,
owners, managers, and consultants that were encountered during the visits. But having a senior
manager of the AGSO observe the intensity of the response of these parties to the process and the
building was invaluable in creating an important advocate of the subsequent design, and as well
someone who recognised the potential for architecture to support desirable organisational change.
The Project Director (AGSO), who managed the administrative aspects of the project team,
did not have a formal training in architecture or building but understood the principles and
importance of passive design in the applications that were observed. He was committed to
the aims of the project and was very supportive of the development of the environmental
design approach in many practical ways. Through the course of the project he had gained a
working knowledge of many facets of the design and was unreservedly a defender of the
environmental approach.
The Mechanical Engineer was appointed by ACS to undertake the mechanical design of the
project. His background in air conditioning design led to a certain amount of scepticism
about passive design. The change in his attitude during the trip was quite remarkable.
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What seemed to impress him the most was not just that the buildings worked, but that
respectable conservative large corporate bodies not only believed they worked but almost
took it for granted that this was the only way to be building.
The User Representative and Laboratory Manager (AGSO) was a permanent team member
with the role of providing specialist laboratory advice and user liaison. He had only
recently joined the team when the study tour commenced and did not have a design
background or any particular preconceptions. He had intimate knowledge of the AGSO, its
people and programs, and was quick to take on the rationale behind ecological principles,
seeing its relevance to the AGSO. His adoption of the values of ecological design and
ability to communicate them to a diverse assembly of scientific, technical, and
administrative staff was important to the successful outcomes of the study tour.
Marci Webster-Mannison, Project and Design Architect, had a lot riding on this trip. The
ESD approach she had advocated had met with full support from the AGSO, as it was
consistent with their Department’s portfolio commitment to energy efficiency and the
reduction of greenhouse gas emissions. However, ACS, from which she was eventually
seconded, was pushing for a traditional design approach, as opposed to the integrated team
being established, and a standard design solution, albeit acknowledging that low energy
design was commendable. The ‘conversion’ of such a seemingly unlikely band of
characters, from Senior Executive to Lab Manager, carried a lot of weight upon return and
was probably essential to the ongoing commitment AGSO made to the integrated team
approach and the environmental values. Another factor was that Webster-Mannison had at
this point been working within the organisation for almost two years, meeting with every
project group, working in a participatory fashion, to develop the design brief and initial
design proposals. The intimacy of this process certainly carried some weight in establishing
a level of confidence and respect for the values and design solutions she espoused.
Some of the innovative energy saving ideas were remarkable in both simplicity and design.
Also remarkable was the general ambience and environmental quality in these buildings
which bears directly on human resource management policies and practices. Design
decisions obviously reflected a positive corporate philosophy that productivity is directly
related to the quality of the work environment. In summary, what was observed were
innovative and practical low energy design and resource management solutions which
included cooling and heating by groundwater, harbour and air-earth exchange, optimisation
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of daylighting including light shelves, natural ventilation, solar chimneys, radiator systems
for heating and cooling, use of natural and non-toxic materials, and rainwater recycling. In
every case, openable windows were provided for fresh air and offered an element of control
over one’s environment.
Values must not only be espoused by practice, but also reinforced through explicit teaching
and resources. A successful design process functions not only through shared information
and decision making, but also through shared values. The values of the decision-makers
and the values of the organisational system within which individuals are operating
influence all decisions. Therefore, working within a group may also be a powerful
influence on values, attitudes and actions.
Based on interviews with twenty-five landscape architects, on the integration of ecological
values with social and aesthetic values in a design process, Ian H Thompson (2000)
concludes the following:
...The failure on behalf of some practitioners to embrace ecology comes from unfamiliarity and
fear. The recent history of the Ecological Approach has led some to conclude that ecology is
anti-design, and as such a direct threat to other values which they hold dearly (p. 176).
He also found it difficult to find examples of landscape projects that demonstrated
aesthetic, social and ecological values as a foundation in design. Assumption of moral
responsibility and incorporation into the economic system by managerial actions and
decisions is not easy.
Ann Lawrence and Jean Raar (1995) are convinced that the anthropocentric nature of our
market economy fails to recognise the ecological effects of pollution or the value of natural
resources. Essentially they argue that an understanding of an ecosystem is necessary for a
change in value systems which will include ecological concerns. Perhaps this is the key to
grasping the practically inexplicable lack of care about the built environment obvious in so
many designs. It may just be too difficult to follow through with espoused ecological
values when the longer-term ecological implications of our strategic choices are not
understood. Therefore if social and ecological responsibility is to be incorporated in design
decision making, organisational and technical support must be combined with individual
resolve.
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Motivation
Although the necessity for collaboration has been stressed and the idea of leadership
downplayed, it would seem that the ability to motivate people is an essential skill for this
kind of work. There is likely to be a tension between the designer’s intentions and the
requirement to involve others in significant decisions.
Eiji Maki (2000), Director, Nikken Sekkei, one of the largest architectural practices in the
world, speaks of the attitude and intention of the design team as a fundamental factor in
environmental design process.
It’s essential that the team be unified in the practice and execution of the project on a daily
basis from the very early stages. Unless close cooperation is established from the beginning and
maintained firmly among the client, architect, structure designer, environmental planner and
other related professionals, they can hardly realize a building with real ‘amity with the
environment’ (p. 11).
ING were committed from project initiation onwards to leading the design team in fleshing
out the meaning of their vision encompassing social, cultural, aesthetic, creative, and
environmental considerations. The outcome is an extraordinary building with very low
energy use, fresh air, daylight, views from every work station, rainwater collection and
recycling, and the integration of art works with the architecture.
The importance of a shared vision and rationale is becoming a distinct concern of architects
who are rejecting the individualistic values that have so dominated development of the
built environment in favour of societal values that respect all life. As William McDonough
(1996) puts it:
Our present systems of design have created a world that grows far beyond the capacity of the
environment to sustain life into the future (p. 407).
Katashi Mutsunawa (2000), Director, Nikken Sekkei, believes that everyone involved in
creating, owning and maintaining buildings has not only a great responsibility to reduce
environmental impact, but also recognises that
…a profound change is needed in the way buildings are designed and in the way they
function…. (we) have been working towards a vision of ‘green buildings’, an increasingly
important concept that will influence forever the way architects think about buildings, their
material nature and how their design benefits the human community (p. 21).
Hand in hand with a changed attitude to design is a more enlightened view of development.
The owners and users of green buildings are not just ‘doing the right thing’. … If the building is
designed well, they will see benefits on the bottom line in the form of reduced absenteeism,
higher productivity, higher rental value and smaller bills. Thus, green buildings are practical as
well as attractive and they provide broader benefits than reduced environmental impact. (p. 20)
The architect for the SAS building bears out the significance of working with a client with
shared values, describing the design process as fascinating and inspiring (Togetherness,
284
1991). The decision to relocate the SAS headquarters had been largely made on the basis of
financial considerations, the consolidation of their thirty odd premises in one energy
efficient building being the key factor. However, the brief went beyond consideration of
energy efficiency and included a social agenda to foster openness and teamwork, at the
same time recognising the importance of individual space and individual control of
conditions. For example, everyone has their own office, each with a view, daylight,
individual temperature control, openable windows, furniture and task lighting selected by
the occupant, and related to a generous communal area for group work and relaxation. The
complex as a whole has a village atmosphere, with main street activities comprising
restaurants, cafes, recreation facilities, shops, etc. The forward-looking approach to design
led to the incorporation of an innovative aquifer thermal energy storage system that
supplies 80% of the energy consumed by the building for heating and cooling.
The motivation for the BRF Headquarters was not as socially ambitious, but was based on
the creation of a pleasant healthy work environment with views, daylighting, reduced
energy cost and natural ventilation. Their motivation stemmed from dissatisfaction with
their previous workplace and legislative requirements prohibiting cooling for offices. They
count increased productivity as one of the benefits of the approach to the new headquarters
building.
Brian Edwards (1999) identifies the principal motivational benefits and the risks of green
design to developers as:
- economies in fuel bills (either for owner or tenant)
- market advantage;
- lower long-term exposure to environmental and health problems;
- greater productivity of workforce.
The risks are:
- will the building perform as predicted?
- are the ‘green’ costs affordable?
- Is the technology reliable? (p.3)
The indirect benefits of such buildings that are not as easily quantified include:
- are healthier to use;
- have psychological advantage;
- enhance company image (p. 5).
Kristallen and Wiggins Teape are good examples of the progression of speculative
development into green design, and demonstrate that a more caring approach to design will
pay off, not only for the developer, but also for the occupants. Zublin also had a marketing
slant to their rationale, namely through creating a building that presented an attractive,
affordable and energy conscious demonstration of their company’s skills and product.
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Furthermore, Zublin wanted to reflect the strong community spirit that exemplified their
company by supporting cultural and social activities through the provision of a stage and
exhibition space in the atrium. This connection with the community is personalised in the
atrium by the inclusion of a large floor mural depicting a local historic building, and the
landscaping with grapevines from the family’s vineyard.
According to Diane Ghirardo (1996), architectural writer and lecturer, architecture tries to
separate itself from construction and real estate development. ‘All three deal with building
and enjoy an enormously beneficial symbiotic relationship, and all three share an atrophied
social conscience’ (p. 387).
The way we think about architecture reflects the way we think about life and it is safest to
remain aloof from real world issues of socio-political consequence. Ghirardo wonders at
our motivation in avoiding risk.
In none of its manifestations does the profession dare question the politics of building: who
builds what, where, for whom, and at what price. Although arguably one of the most important
issues for all architects to consider-and for the discipline to emphasize-it is addressed by few.
… Only when architects, critics, and historians accept responsibility for building- in all of its
ramifications- will we approach an architecture of substance (p. 390).
So to be an architect of substance, key figures in the architectural world are telling
designers to care that what they do is sensitive to environmental concerns. To a point,
motivation is often assumed to be present. However to define it provides a clarity of
purpose to a course of action, and suggests that the rationale for design decisions be
examined as part of a recursive process.
Responsibilities
Ann Lawrence and Jean Raar (1995) in their exploration of the ethical dilemmas of
environmental management, stress the need for proactive implementation of values, and
point out the necessity for commitment from management. ‘Value based management also
requires constant commitment from senior management’ (p. 125).
In discussion of organisational strategies to assimilate ethical reasoning in the strategic
decision making processes, they emphasise the importance of full integration of shared
values in policy and staff selection to support environmentally ethical behaviour.
‘Organisations have an opportunity, and indeed a responsibility, to adopt an ethical
approach to managing’ (p.125).
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All the case studies represent, to some degree, the commitment of organisations to take on
corporate responsibility for the environmental outcomes of their projects. SAS expressed a
sense of responsibility to society to reduce energy usage, as well as to their employees to
provide a healthy and comfortable workplace, and selected consultant, project
management, and construction teams with a philosophy similar to their own. ING made a
firm point of regarding itself as the party responsible for creating the right atmosphere in
which such a humane and creative building could be designed and realised. ING have
continued to take their responsibility seriously with an ongoing program of educational
tours.
The AGSO Executive undertook a value management process to define its objectives.
These included the notion of a simple building that facilitated the intent of AGSO's user-
friendly management philosophy and that demonstrated ecologically sustainable
development. The AGSO established an on-site integrated project team that worked
effectively for almost four years developing a comprehensive brief and final sketch plans in
a participatory fashion with the organisation. It was not until the AGSO executive was
dissolved and placed under an ‘administrator’ that the organisation lost sight of its original
goals. The project enjoyed government support in the order of $3 million during the project
initiation and development stages, presumably a political ploy to stall the potential closure
of the existing premises due to serious health and safety deficiencies. Subsequently, under
the administrator, the organisation was almost halved in size, a traditional design
procurement process undertaken, and a traditional office and laboratory building
constructed. Ironically, the new building incorporated automated sun control louvres that
block views and daylight for a significant part of the working day.
To take on social and ecological responsibility is fraught with intellectual and material
obstruction. An example is writer, teacher and conservationist, Walter Leal Filho’s (2000),
examination of the impact of supposed misconceptions of sustainability on the
implementation of environmental management systems at universities. In summary, he
concludes that the perception of sustainability is too abstract and too broad, that there are
not enough staff to look after it, that it requires too many resources, and that it lacks a
scientific basis.
Environmental activist Robert Bullard (1999) articulates the problems of following the
path of least resistance in the meting out of environmental justice based on economic and
political factors.
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The question of environmental justice is not anchored in a debate about whether or not
decision-makers should tinker with risk assessment and risk management. The environmental
justice framework rests on an ethical analysis of strategies to eliminate unfair, unjust and
inequitable conditions and decisions. The framework attempts to uncover the underlying
assumptions that may contribute and produce differential exposure and unequal protection. It
also brings to the surface the ethical and political questions of ‘who gets what, when, why and
how much’ (pp. 34, 35).
Bullard advocates a decision-making framework that takes on responsibility rather than
simply managing and distributing the risks. The founding principle of the framework is the
right to equal protection from environmental degradation through the elimination of
environmental racism. His recommended strategy is a precautionary approach of
instituting a preventive public health model and targeting the action and resources as the
problems with the greatest impact. An essential characteristic of such a strategy is
identified as the need to shift the responsibility of detrimental environmental effects to
those who do the harm regardless of intent.
Therefore, in a practical sense designers must explore their role in environmental injustice
and explore the multiplicity of ways of recognising justice and think out some pragmatic
guidelines for their action.
Ethical Base
The literature review, case studies, and the author’s reflection on the practice of
architecture have examined the ethical base for decision making in the design process.
Chapter 2 made a tentative connection between data and the structure of data. The starting
point for gathering together the inputs for devising a checklist for the assumption of values
in an ecologically just design process is shown at Figure 5.1. This structure builds on that
outlined in Chapter Two and begins to integrate the descriptive data in an ethical
framework.
FIGURE 5.1 Value considerations
ASSUMPTION OF VALUES
ETHICAL BASE IMPLICATIONS OF THE DESIGNER’S RESPONSIBILITY
Environmental
impact
Minimise level of
interference with
natural systems.
Minimise pollution of
soil, air and water.
Maintain and where it
has been disturbed
restore biodiversity.
Enhance opportunities
for conservation of
ecosystems, habitats
Attitude and behaviour
Lifestyle, personal constructs and responses
Ethical design intuition, ecological integrity or..., social justice and equity or...
Controlled style vs active collaboration
Sense of own responsibilities and responses
Innovative
Role
Construct social context for design interaction
Connect issues to ethical response
Inventive structuring of data and drawing out of interrelationships
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and species.
Increase awareness of
environmental issues
Resource
management
Minimise the depletion
of natural resources,
especially non-
renewable resources.
Ensure social equity in
the distribution of the
costs and benefits
associated with the
use of resources.
Maximise the health,
safety and comfort of
building users.
Low energy
Maximise the passive
use of the building
form and fabric to
collect, store and
distribute energy.
Meticulous examination of consequences
Interaction with team, interest groups, suppliers
Supportive and collaborative team vs architect-centred model
Presentation of conflicts as problems to be resolved
Helping to develop dialogue between the various groups/individuals
Determining further usefulness of selected aspects of the design data and options
Redescribing design data and options in more useful terms
Guiding the establishment of particular ways of representing and symbolising design activity
Explanation, justification of solutions and questioning of meanings
Innovative
Team
Intelligence of the participants.
Ability to learn to deal with the data and process and particular situation.
Ability to reflect and question what does not ‘fit’ initial understanding.
Practice at unstructured response and security in the approach to thinking Persistence in
problem solving
Thoughtful, good at listening and trying to make sense of others explanations.
Willingness to indicate disagreement or lack of comprehension, question alternatives, look at
the whole or parts in different lights.
Full of innovative and catalytic ideas.
5.1.2 Establishing design considerations
Having discussed the assumption of values that recognise ecological concerns, how may
designers proceed to act on those values to make informed design choices?
This section examines the case studies to identify general environmental considerations
important to design decisions. The detail of particular choices is not important, as these
may reflect project and site specific or regional factors. It is the experience of interpreting
global issues such as pollution and resource depletion that is of more interest in discerning
some broad characteristics important to a design process.
Environmental parameters
Most of the case studies had some sort of policy level support for environmental or low
energy initiatives from the outset with the exception of the Thurgoona Campus. This
changed over the course of the project with the formal adoption of an environmental
strategy for the site planning and design of the campus.
Överkikaren addressed concerns with maintaining the historic character of the old district
of central Stockholm where it occupies a city block. The complex maintains the scale and
relationship to the street of the neighbouring buildings and integrates a road and train link
underground. Överkikaren is an exception with its inner city address; the location of the
case buildings generally outside central business districts reflected the land take required
for the campus style architecture adopted to achieve passive design and organisational and
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public transport objectives. The footprints are likewise large, but this gives rise to
opportunities for a relationship between indoor and outdoor space that is limited, if not
excluded by an inner city location.
The land and water conservation initiatives of the Thurgoona campus are unparalleled in
the other case studies. This may partly reflect the change in attitudes over the some ten year
gap between its development and the older case studies, but perhaps more pertinently the
more holistic ethical base at the core of its design philosophy, and the political support of
the School of Environmental and Information Sciences. Also this enthusiasm was backed
by practical expertise. Many of the case study buildings have created beautiful grounds,
and the ING building integrated onsite water treatment of recirculating water features
intended to oxygenate the internal air, however they fell seriously short of considering
ecological issues such as biodiversity, habitat or the conservation of ecosystems, water and
land.
SAS and ING were concerned to improve efficiency by consolidating and choosing sites
well connected by public transport with consequent societal benefits in terms of pollution
and energy use. Both buildings were built on reclaimed land, and in the case of the ING
building the final site selection was determined by a staff vote. Both had a stated aim of
designing buildings to reduce energy use and providing a healthy and comfortable working
environment. The ING building stakes claim to being one of the lowest energy office
buildings in Europe (Zeiher, 1996). The Dutch Research Establishment (TNO) supports the
low energy claims of 96 kWh/m² per year for the office building compared to the main
building previously occupied, and no more than ten years older that consumed 1,320
kWh/m² per year (Holdsworth, 1989). As an indicator of occupant satisfaction the company
points to falling absentee numbers and that the building is one of the major factors given by
people for seeking employment with ING (Mackenzie, 1997).
Every member of the team, including the acoustician, structural engineer, and later the
interior designers, had the right to enter the province of the other. No one person had
overall responsibility; the whole team was responsible for the entire concept. The design
process developed organically (Holdsworth, 1989).
The ING, SAS and Colonia buildings demonstrate a balance between the organisational
needs of a large corporate body on one hand, and an intimate working environment suited
to individual needs on the other. ING and SAS take the form of office pods situated along
an internal street, and Colonia of campus style pavilions clustered around a courtyard.
Central to the design of these large building complexes is the creation of a village like
atmosphere. The landscaping plays an important role in the success of these small cities in
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creating a strong connection between the indoors and outdoors. The design process for each
of these buildings, as with most of the case studies, was characterised by a high level of
involvement by the users. In all three, teams of about 20 people are catered for in parallel
with a concern to maintain individual workspace. Most overtly the SAS layout provides all
employees with individual offices focussed on generous group spaces. ING and Colonia
use a highly articulated floor plan to create small interconnected work areas, all close to
openable windows, typically only 6-7m between windows in ING, and with a high degree
of individual control of the temperature, lighting and furniture.
So much could be expected of any moderately ambitious building designed outside the
straight jacket of our own very limited property world- the NMB [ING] Bank in Amsterdam
is similar, as is the Colonia Insurance headquarters in Cologne. What makes SAS even more
different is the Scandinavian rigour with which the heretical proposition of ‘user first’ has
been worked out (Duffy, p. 44).
A narrow floor plate was typical of all the case studies for reasons beyond organisational
aspirations. Access to views and daylight combined with natural ventilation are only
realised with a narrow floor plate in the order of 12m. For example, ING has louvres
located in the top third of the window to deflect daylight deeper into the building with solar
control blinds to the balance of the window below. The windows were sized to balance
heat loss with daylight admission which is sufficient for about 80% of working hours. ING
has an unusually narrow plan, and had a mixed mode system that involved distributed fresh
air. SAS, BRE, Zublin Haus and Gateway Two buildings are more typical of the wholly
naturally ventilated buildings. SAS generally has 10m wings widening out to as much as
17m where central group work areas are accommodated. Gateway Two with the 13.5m
deep floors did experience some ventilation problems, although this was attributed to the
reluctance to open windows in the winter and the inappropriate partitioning of space. Sun
shading is integrated in a service access walkway around the perimeter of the building at
each level.
The Thurgoona campus office buildings kept to a 12m width with centrally located thermal
chimneys to assist air movement and had sun shading that was specifically designed for the
orientation of each façade. The window was predominantly sized for daylighting and the
vents under the window and the thermal chimney optimised for ventilation and night
cooling as opening windows significantly on a very hot dry windy summer day was not a
comfortable option. In the case of the lecture theatre the waterfall in front of the vents
provided not only humidification and cooling of the incoming air, but some filtration as
well. The balance of daylighting and passive ventilation strategies differs in response to
climate, site specifics and attitudes.
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The determination of all the case study buildings to allow openable windows and generally
provide 100% fresh air is evident as an underlying starting point for the passive
components of these projects. The reclaim of heat from the exhaust air usually through the
atrium as in the case of Överkikaren, Kristallen, Colonia, Zublin-Haus and ING helps to
ameliorate the potential energy lost through this approach. Significantly, the incorporation
of openable windows was not only seen as hygienically advantageous, but as critical to the
quality of interaction desirable between the individual and their environment. This interest
in creating opportunities for individual control of one’s work environment also carried
through to the integration of daylighting, selection of light fittings and control systems,
heating and cooling techniques and furniture.
The European case studies typically gave preference to the selection of natural materials for
interiors based on concerns with indoor air quality, but skirted the wider issues of resource
depletion, embodied energy, local sourcing and the environmental impacts of production.
Decisions made about materials for the Thurgoona campus attempted to address the
responsible use of resources.
The case studies bring to light some of the choices that designers have made; it is more
difficult to have an understanding of the responses that may have been rejected or not
considered during the design process. Generally they do not represent the height of
architectural fashion, but their significance lies in the challenge they present to the values
of traditional office architecture. They challenge the open plan, large floor plate, fully air-
conditioned sealed box model of commercial office space predominant in Australia and
United States of America. They create a hierarchy based on team use of individual and
group spaces, highly legible circulation spaces, social places, connection with the outdoors
and address energy efficiency issues. With the exception of the Thurgoona campus, broader
environmental issues are for the most part not tackled, and even then it is with varying
degrees of success that these issues are broached and resolved.
Figure 5.2 is a summary checklist of the environmental considerations identified by the
author and used in recording data in the early stages of writing this thesis. This checklist
emerged simply as a means of structuring some of the thoughts about the issues
encountered during the author’s practice and her reflection on that practice.
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FIGURE 5.2 Environmental considerations
ENVIRONMENTAL IMPACT RESOURCE RESPONSIBILITY PASSIVE DESIGN
CONSIDERATIONS
Environmental Strategy
User Brief
Project Links
Water Conservation
Land Conservation
Atmospheric Hygiene
Ecosystem, Habitat and Species
protection
Passive Design
Materials Selection
Waste
Soil/Water Management Plans
Resource Conservation
Social Impact
Redefine ‘Resource‘
Equity
Life-Cycle Assessment
Visible Solutions
Participation
Interaction
Expression
Aesthetics
Exposure
Healthy and Happy Buildings
Comfort Conditions
Siting/Landscape
Building Layout
Natural Ventilation
Thermal Inertia
Shading
Solar
Radiant Cooling
Evaporative Cooling
Thermal Exchange
Incidental Heat
Wind
Sound
Daylighting
Colour
Supplementary Active Measures
Stability
The architect’s aspirations for the Thurgoona project far outstripped the time and
knowledge available to achieve an environmentally comprehensive outcome. The story told
in the preceding chapters gives some insight into some of the designers’ frustrations,
ignorance and mistakes as well as the determination to consider decisions as thoroughly as
possible given the limitations.
Unsurprisingly, the interpretation of and the uncertainty of knowledge and experience, at
the time of decision making, needs to be highlighted. Figure 5.3 is an attempt to state these
concerns by looking at the stability of the data and the rationale that lay behind the design
choices observed in the case studies.
FIGURE 5.3 Stability of data
STABILITY MOTIVATION
Comprehension of issues
Technical complexity and lack of expertise
Availability of information
Time constraints
Commitment and determination of participants
Validity of ‘scientific’ and technical data
Quality of consultative processes (client, users, authorities, community)
Presentation/management of information
Completeness of identification of interactions and impacts
Complexity of cumulative significance
Certainty of outcomes and risks
Values of participants
Context
Commitment
Perceived of the direction of
the project
Beliefs and barriers
Success
Hard work
Interest
Persistence
Collaboration to understand
Conforming to architects
solution/methods
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Controversial aspects- public, political, regulatory
Additional obligations of precedent setting initiatives
Client/user perception and commitment
Post occupancy management, maintenance and fine tuning
Flexibility to accommodate changing technology, needs of occupants, functions, OH&S
standards, legislation, significance of ecologically critical areas and environmental effects,
perceptions of historical/cultural relevance.
Carefulness
Interrelationships
The complex web of interconnections is not easily understood. In the checklist of
ecodesign considerations (see Appendix K) an attempt has been made to identify some of
the main associations between elements based on the architect’s experience. Figure 5.4
defines a set of consistent project elements that provide a framework for recording the key
relationships between elements and phases of the design process. In a practical sense this
codification is only useful in a limited way to indicate some of the complexity of the design
process.
FIGURE 5.4 Elements of a project
DESIGN
STRATEGY
PROJECT
LINKS
MATERIAL COMPONENT LAYOUT SYSTEMS
Environmental
strategy
Participatory,
interactive,
exploratory
strategies
Physical
Biological
Ecological
Social
Cultural
Political
Economic
Recycled
Renewable
Processed
Structure
Floor
Roof
External walls
Windows/Vents
External doors
External wall
finishes
Internal walls
Internal doors
Internal wall
finishes
Irrigation
Equipment
Furniture
Massing
Entry/ramps/
stairs
Structure
Spaces
Electrical
systems
Communication
systems
Hydraulic
systems
Site works
Landscape
Roads, paths,
paved areas, etc
Covered ways
Fences, retaining
walls, etc
Energy
conservation
Water
management
Habitat
protection
Movement
systems
Operational
(building,
landscape, site)
Waste
management
Environmental
management
Structure of checklist
Through the description, classification and interpretation of data collected for this thesis, a
framework for examining the architect’s design experiences is developed. Initially a
structure is defined for the description of values, principles and design actions (see Figures
2.11-2.15), followed by the fleshing out of that structure to create a checklist of ecodesign
considerations (see Appendix K). The user brief, describing the project specific
requirements, is not specifically dealt with except in relation to particular environmental
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concerns. Figure 5.5 summarises the structure of the checklist of ecodesign considerations
which are shown in blue.
FIGURE 5.5 Checklist structure
ASSUMPTION OF VALUES
ETHICAL BASE
Eco-justice
RESPONSIBILITY
phase/staff/role
EVALUATION
activities to establish project specific
criteria
DESIGN PRINCIPLES
STABILITY
uncertainties
RELATIONSHIPS
elements
CONSIDERATIONS
parameters
GENERATION OF DESIGN
DESIGN CRITERIA
project specific
OPTIONS
solutions
RATIONALE
motivation
Firstly, the values to be assumed in the design process are described to explain the
architect’s ethical base, the phase of the project, the staff involved, and their roles.
Secondly, the design principles are determined through identification of activities for the
establishment of project specific criteria related to each ethical proposition, the
examination of the stability or uncertainties of these activities, and the inter-relationships
likely to be encountered. These principles may be added to, elaborated and restructured by
others if considered useful as a project checklist.
Thirdly, the checklist of ecodesign considerations does take on a linear form, somewhat
inherent in the nature of a list. It is not however the author’s intention to suggest a linear
process, but to use the case study experiences to build a conceptual framework for the
description of considerations in the design process. The data was collected, collated and
distilled into concepts over a period of years and at many stages of the projects and then
structured in a summary form for ease of presentation. Some of the earlier attempts at
structuring the data have been touched on in this section and in Chapter 2. The
‘relationships’ noted give an indication of the complex inter-relationships of decision
making at different phases of the project as well as between various components. This
implies an iterative process and not a linear succession.
The checklist of ecodesign considerations does not establish project specific criteria,
however it does couple design intent with an ethical foundation (see Appendix K). Figure
5.6 summarises the contents of the checklist of ecodesign considerations.
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FIGURE 5.6 Contents of the checklist of ecodesign considerations
ENVIRONMENTAL IMPACT RESOURCE RESPONSIBILITY PASSIVE DESIGN
RECOGNISE DEPENDENCE ON A
HEALTHY BIOSPHERE
ASSOCIATE HUMAN ETHICS,
TECHNOLOGY AND CULTURE WITH
NATURE AND ECOLOGY
VALUE ECOLOGICAL WEALTH
JUSTICE FOR PEOPLE AND NATURE
RECOGNISE THE PROCESS OF CHANGE
IMPLEMENT A PREVENTATIVE HEALTH
MODEL
STANDARD OF LIVING THAT IS
SUSTAINABLE ON A GLOBAL LEVEL
USE OF THE BUILDING FORM AND FABRIC
TO COLLECT, STORE AND DISTRIBUTE
ENERGY
Strategy
User Brief
Project Links
- site analysis
- socio-political
Site Planning
- water conservation
- land conservation
- atmospheric hygeine
- eco-systems
Materials
- selection
Waste
- materials, use, construction
operation
Resource Use
- conservation
Social Impact
- local, regional, global
Organisational Impact
- management
Ethics & Politics
- equity & visibility
- life cycle analysis
Communication
- participation
- interaction
- integration
- aesthetics
Health Safety &Comfort
Comfort
Energy
Siting
- landscape
- passive solar
- wind
Building Form
Ventilation
Thermal Inertia
Shading
Daylighting
Accoustics
Passive Design Techniques
The full checklist of ecodesign values, principles and considerations was assembled
concurrent with the architect’s design of the Thurgoona campus extending over a number
of years (see Appendix K). The checklist attempts to generalise some of the reflections on
the integrated design approach to the design of the Thurgoona campus by fleshing out the
components of Figure 5.6: environmental impact, resource responsibility and passive
design. The design criteria outlined in the checklist are not detailed, but are indicative of
project specific criteria that it may be useful to establish.
5.1.3 Recommendations for large campus style building complexes
In making recommendations for architects designing university, other educational buildings
or campus style buildings to have low environmental impact, there is no intention to
provide a formula for the analysis of the complexities of an ecological approach. The
checklist process provided a starting point that was useful in providing a framework for
conceptualising environmental and technical issues, and defining some boundaries to the
design problem. The recommendations address the necessity to involve value judgments
and suggest changes in design and the role of designers that reflect changes in consumptive
patterns that question and oppose the status quo.
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These are vexing questions that suggest universities and other educational institutions have
a special responsibility given that crux of the matter is a crisis of ideas. Academic
institutions are well positioned to challenge the priorities of society, inspire concern and
advance environmental understandings through teaching and research. Countering this is
the risk that they will simply reflect society the way it is and tailor their outlook to the
conservative views of the government of the day, students, community, employers,
industry, etc. Obviously the response of each institution will vary, however in 1990 the
Talloires Declaration not only recognised the responsibility that institutions of higher
education have to increase the awareness and knowledge, but also provided a policy
framework for universities to address the creation of a sustainable future.
The Talloires Declaration (1990) identified the following critical aspects of this special
responsibility for urgent action to address environmental pollution and degradation and the
depletion of natural resources:
1. Engage in education, research, policy formation, and information exchange on
environmental issues.
2. Develop environmental awareness, capabilities and sense of responsibility in all
graduates.
3. Set an example of environmental responsibility through resource conservation,
recycling, and waste reduction initiatives.
The focus of the following recommendations is on opportunities related to building design
and campus planning:
1. Adopt an ethical basis to guide decision making related to campus building and
landscape design and planning, operations and management:
a) Minimise environmental impact
- Recognise dependence on a healthy biosphere
- Associate human ethics, technology and culture with nature and ecology;
b) Use resources responsibly
- Value ecological wealth
- Ensure justice for people and nature
- Respect ecological limits to use of resources
- Recognise the incommensurate form of diversity
- Follow preventative public health model;
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c) Passive Design
- Design for a standard of living that is sustainable on a global level
- Use of the building form and fabric to collect, store and distribute energy.
2. Reform campus building and landscape design and planning, operations, staff hiring
and development, student opportunities, community involvement and structure:
a) Cultivate integrated thinking and decision making skills, as well as negotiation
and mediation skills;
b) Engage staff based on potential contributions to an interdisciplinary sustainable
design approach; encourage staff to advance their knowledge of sustainability,
contribute to public debate and be involved in policy development;
c) Adopt a team approach that recognises the current realities of our evolving
knowledge and the need for a more inclusive and rigorous design process;
d) Include students and academic, administrative and maintenance staff in
participatory, interactive, exploratory strategies across all planning, design and
environmental management activities;
e) Purchase environmentally responsible food, paper, etc and use sustainable local
and regional tradespeople, consultants, and products;
f) Foster student and staff involvement; teaching and learning opportunities, create
experiential learning environments; facilitate active participation of environmental
groups in campus operations and development;
g) Engage with the community and other educational institutions to be involved with
the campus as well as work towards the development of sustainable cities and
regions.
3. Make the solutions visible, physically on the campus as well as publicly:
a) Cultivate integrated thinking and decision making skills, as well as negotiation
and mediation skills;
b) Provide interpretative signage and pathways around campus;
c) Publicise and disseminate sustainable initiatives and practice;
d) Tell the story of what works well and what doesn’t;
e) Make campus model sustainable community;
f) Speak out publicly on the importance of an ethical shift to sustainable living.
4. Integrate operational practices with the educational and academic activities of the
campus:
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a) Cultivate integrated thinking and decision making skills, as well as negotiation
and mediation skills;
b) Monitor and fine tune buildings, landscape and operations;
c) Conduct comprehensive case studies;
d) Initiate sustainability oriented research about campus design and operations;
e) Facilitate academic research in areas such as resource depletion, renewable
energy, sustainable landscapes and building design, ecological economics,
environmental justice, etc.
5. Develop environmental management plans:
a) Foster involvement of special interest groups with a focus on sustainable
development;
b) Integrate environmental management practice with teaching and learning about
how the own campus functions in the ecosystem such as sources of food, water
and energy, the endpoint of waste, etc.
6. Collaborate with other educational institutions including local primary and secondary
schools and with industry, government and community groups to promote sustainable
practices:
a) Support local, regional and global partnerships to enhance sustainability;
b) Submit for government funding to support interdisciplinary, environmental
research.
5.2 An ecodesign story: Reflection on a process
This thesis does not attempt to offer a prescription for green building, but reflects on the
author’s experience of thinking through the problems and arriving at conclusions in the
design of such buildings. The theory of architectural practice is extended through a rather
personal journey of some of the author’s work which positions the reader within the
context of a narrative of events, and progresses through the exploration of the thought
processes that underpinned the designer’s actions. Through critical reflection by a
participant in the design process, this thesis generates and disseminates a practitioner’s
view of architectural design that incorporates ecological values into the decision making
process.
Key design considerations encountered by the author are summarised, and the evocative
and iterative nature of the process of creating architecture is described. This thesis
advances the understanding and knowledge of a particular body of work at the Thurgoona
campus over a ten year period ‘…when continuity and the slow evolution of architectural
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thinking, in built form over time, transforms into an iterative maturity of ideas’
(Mackenzie, 2005, p. 86). It does not attempt to present a theory that will lead to
predictable outcomes in design. There is no attempt to weigh the considerations of the
design process, although as more research is done it may become easier to establish
meaningful quantification of some of the issues.
The Thurgoona campus projects made an effort to consider all decisions in relation to
environmental principles, which were set alongside the usual architectural considerations.
Essentially there is no one ‘right’ answer, but designers should attempt to be aware of
ecological aspects and the complexity of interrelationships in design. Each designer for
each project will need to question and decide on complex environmental issues.
Quantification is likely to be problematic and there is also the consideration of the time that
can reasonably be allocated to such a task. It may be more realistic and just as defensible to
make sensible reasoned decisions addressing some of the most fundamental issues of
energy and CO² emissions, resource depletion and waste, and building health as can be best
assessed for each project. This approach relies on the commitment, integrity and experience
of the designers and recognises that there are no easy answers.
If environmentally sensitive buildings are to work effectively from a personal, local and
global perspective, architects may need to learn, as Brian Swimme (1990) comments, ‘to
interpret the data provided by the fragmented scientific mind within the holistic poetic
vision alive in ecofeminism’ (p. 17). Our reliance on analysis, computation, and
categorisation, may mask the reality of the whole picture.
The architectural interpretation of environmental science is not plainly a technical exercise,
but a process influenced by many interests. Research is obviously important. As J. Owen
Lewis (2000) comments in relation to the obstacles to bringing about technical change:
A particular problem is to create linkages between researchers and industry, to reach the
mainstream of builders and design professionals, and to awaken their interest in energy-efficient
buildings and improved building performance. It is important to demonstrate that energy-
conscious building is compatible with the highest standards of architectural design and highest
quality living and working environments (p. 10).
Mechanical air conditioning systems that defy bioclimatic principles are very recent.
Jeffrey Cook (2000) illustrates how mainstream architecture was dominated by passive
techniques of daylighting and natural ventilation, until around 1950.
...the use of operable windows with clear glass, the ‘valves’ of passive environmental
conditioning persisted for the first half century during the slow development of air conditioned
architecture with its new paradigm of the coloured glass box where only the reflections move
(p. 21).
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The conclusions of an integrated design effort of a research team and project architect
demonstrate the compromises of a conventional linear design process.
The building services engineer has been “traditionally” called upon to work with the architect
only to deploy the mechanical and electrical systems for indoor environmental control. ... An
integrated design approach requires close integration between architect, the structural and
building services engineers, and the environmental design consultant as one design team from
the beginning of the concept and planning phase of the project (Lim et al, 2000, pp. 33-47).
Another demonstration project for the integrated planning and optimised solar design of a
commercial office building similarly comments on the integrated planning process.
Conventional planning procedures in building and construction are based on a sequential
strategy between various partners involved in the building process. As a result, the overview
and hence the influence of the individual partners on the whole development of the project is
limited. In an integrated planning process, however, all concerned actors are working together
exchanging their ideas from the earliest possible stage to activate synergetic potentials and
improve the final planning result (Heidt et al, 2000, p. 54).
The global implications of stresses on the environment foreshadow a radical change in
architectural aims and practices. An architecture focussed on the isolated pursuit of a
stylistic product is contrary to new understandings that the built object cannot rightly be
separated from its local, regional, or global context. What this thesis describes is an
approach to architecture that attempts to deal with multi-faceted questions, dissect the
problems and examine them from as many perspectives as possible. The process was not to
simply collect evidence and check out whether that evidence is factual, but to assemble a
pattern of concepts and generate solutions through consideration of both human social
systems and natural processes.
The complexity and broad purpose of an ecodesign philosophy gives rise to seemingly
contradictory demands. An ideal design strategy would elucidate a clarity of purpose but
retain flexibility in process so as to comfortably accommodate modification, addition, and
varying interpretations. The record of information created during the design process should
have relevance to the life cycle of the building and to future projects. Ecodesign
necessitates a change in lifestyles and social relations that the designer can only facilitate.
For buildings and systems to operate successfully, they must be maintained and fine-tuned,
and people need to think more about their interaction with their surrounds and with others.
Ecodesign is a process that grows to take into consideration the sensitivity of the data to
new inputs, increases in understanding of environmental interaction, and shifts in
community and individual values.
Ecodesign, therefore, grapples with the wider issues of greenhouse gases, energy
consumption, resource depletion, pollution, waste, and health, and at the same time takes
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into account the source of the problem, not just the effect, and ensures that the proposed
solution does not lead to greater detrimental environmental impact. Once designers are
certain of their environmental ideals, and aware of the radical changes implied by these
ideals, they need to adopt a design approach which is sensitive to the web of
interrelationships between issues and which can chart the path from environmental ideals
to everyday realities. Designers need to fill the gap between theory and technology with a
structure for design analysis that is aligned with an ethical stance concerned with social
well being, equity and ecological integrity.
The sorts of problems that the designer is likely to face in following through with green
principles are political and technical. Both manifest themselves throughout a project’s
initiation, design, documentation, construction and occupation phases.
The first obstacle will be to convince the client, building users, authorities and consultants
that it is worthwhile to pursue a green design. There will be scepticism, and of course the
design, as not yet commenced, will not demonstrate, through modelling or any other
techniques, the life cycle benefits. It is useful at this stage, to draw on case studies of other
similar buildings and researched analysis of comparative life-cycle impacts, to illustrate the
environmental benefits of certain approaches. However, it may be difficult to find
examples that demonstrate a response relevant to local conditions and specific project
requirements, cost effectiveness, or monitored results.
Commence consultation with the local building authorities early in the design process,
particularly when trying ‘new’ or unfamiliar ideas. For example, despite the supportive
and cooperative attitude of all the relevant authorities, Albury Council, Environmental
Protection Agency, Department of Land and Water Conservation, and Health Department,
approval of composting toilets and greywater treatment wetlands at Thurgoona took over a
year. The University decision-makers were likewise concerned with ensuring a safe and
workable system, as well as a cost-effective solution. Throughout the design process the
prospective building users were consulted and information sessions were held and many
questions answered ranging from potential for smells to dropping ones keys down the
chute. The water management consultant, a renowned fresh water ecologist, spent an
abundance of time on research which was only possible due to his commitment to the
project and well beyond the scope of fees. The Department of Land and Water
documented and constructed the wetlands, winning both jobs by tender. So, even given an
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overwhelming effort by all involved in the process, it was lengthy and required tremendous
personal dedication.
It is extremely hard to find like-minded consultants. In the case of thermal performance
modelling, the common assumption is that incorporation of mechanical heating, ventilation
and air conditioning is inevitable. This leads to some radically different decision making
about building form, layout, construction and landscaping, than if priority is given to a
passive approach.
In construction there will be some great feelings when working with people who appreciate
the opportunity and challenge of building with real materials, not just wielding a staple
gun. You know you’re onto a good thing when people are enjoying what they’re doing and
the site smells good enough to eat.
When the building is occupied and people are happy to be there and even want to tell you
about it, you know something is happening that will help change the world. By making the
environmental choices highly visible, there is a challenge for building users to examine the
underlying social, scientific, and cultural connections that operate, and how we cause
environmental degradation.
Current building design, construction, and management methods are not sensitive to
contemporary environmental understandings and commitments. There is no book or
computer model that will tell us how to design. The design process is at risk of becoming
merely an academic exercise, undertaken not to explore potential solutions, but to build a
case for a predetermined view. All the factors that would allow a defence of a particular
solution will never be known. However ‘scientific’, information is shaped by social
assumptions and values, which necessarily guide decision making. Designers need to feel
secure with this knowledge before we will have the confidence to take responsibility for the
values that guide the selections that shape our work.
There are many limitations of our understanding of building physics and environmental
analysis. This thesis discusses an approach to building design that is concerned that what is
built corresponds closely to the needs of building owners and occupiers, as well as being
socially and environmentally responsible.
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5.2.1 Storyboard
The experiences related in this thesis are marked by the achievement of a certain unity of
vision about the future. The common challenge is one of transforming our relationships
with others and with nature. The reflective research methodology has led to the
exploration of a strategy that is informed, respectful, innovative and communicative.
Architect, Dagmar Richter (1996) advocates the use of the space of fiction to experiment in
the realm of representation as opposed to the real world. This escape from reality may be
an important mechanism if one aims to change expectations and directly influence political
and social realities.
To achieve this, one must represent the possibility of fundamental change in the process of
creating space, which might in turn serve as a springboard for other spatial metaphors and
perhaps eventually realities (p. 100).
The Thurgoona campus story is a spatial fiction presenting a storyboard within which one
follows the plot. The scene is set, introducing the key players and the ethical basis for
decision making. The plot is established, activity begins, there is an element of mystery,
and relationships develop. The plot is elaborated, the story concludes and a critique is
offered. And it is a never-ending story in that the occupants, building owners and
managers, visitors, researchers, etc have an ongoing role in the life-cycle of the campus. In
this acting out of the design process a fundamental change in the way we think about
design is being described.
Architect, Beatriz Colomina (1996), says that the ‘...way we think about architecture is
always organized by the way we think about boundaries’ (p. 6). In the case study project,
the primary boundary defining space is the eco-centric rationale. The design process was
somewhat like designing space as a matrix described by Karen A. Franck (1989) when
discussing the value of complexity, the quality of connectedness, and the awareness of
change. The reflective nature of this thesis involves a constant tension between the need to
confront past ideals with multiple perspectives drawn from the present and expectations of
the future.
The author uses her own work on the Thurgoona campus piece the storyboard together. Of
all her architecture, it embodies the most comprehensive outcomes of a design process
based on her beliefs. Architect, Lyndsay Johnston’s (2000) description of the campus
reflects on the design process, as well as the outcomes.
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The Thurgoona campus buildings are in the lineage of ‘eccentric’ architecture- Bruce Goff,
Herb Greene, Paolo Soleri, Ton Alberts, Kota Kawasaki, Gregory Burgess. On my thorough
visit to the site, on a glorious sunny cold winter day, the depth of understanding of
environmental issues, the rigorous commitment to closing the resource loops, and the functional
performance of the whole complex were most impressive. The conceptual integrity and many of
the details of the exteriors and interiors were, in my opinion, delightful (p. 95).
Although this thesis is single-minded about environmental ethics, it tries not to be
prescriptive. There are views advanced with a degree of certainty perhaps not warranted.
In the reading the story; there are grounds for self-criticism and reflection. There is a
tendency to examine and reward the design consequences of those with good intentions.
Perhaps there should be more attention to the design consequences of unintended actions or
actions based on wrong intentions. This is difficult, as it is those ideas based on good
intentions that we can build upon through constructive criticism.
5.2.2 Contribution to the practice of architecture
Ecological architecture is a hot topic for architects. As Brian Edwards (2001) put it:
Sustainability is intellectually more interesting, professionally more challenging and in design
terms more demanding than any other agenda… it not only reinvigorates architecture, it gives
fresh moral validity to the creation of human settlements (p. 21).
Sandra Mendler (2000), Chair, AIA Committee on the Environment, agrees
As we move towards sustainable design we find the challenge is both more difficult and more
rewarding than we imagined in the beginning…we have found that the best solutions- the ones
that offer us an opportunity to radically change the way our buildings work- come from a
different design process (p. 14).
Central to this thesis is the exploration of the demanding moral challenge of
environmentally sensitive design, particularly in relation to the design of large building
developments, with the Thurgoona campus as the major case study. Paola Sassi (2006)
laments the difficulty in finding examples sustainable architectural design.
The challenge for the future is to address sustainability in a holistic rather than a piecemeal
fashion (p.2).
However she does identify the Thurgoona campus as one of the few cases where a
comprehensive approach has been achieved. The Thurgoona Campus buildings were listed
for heritage protection under a draft heritage plan. The recommendation by Albury City
was based on their representation of ‘environmentally sustainable building design for
public education’ (Billboard, 2004). Caitlin McGee and Cynthia Mitchell (2002) of the
Institute for Sustainable Futures, University of Technology, Sydney, point to the
Thurgoona campus as a model for future design demonstrating a fundamental design and
decision-making principle: integrity.
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The first aspect of integrity is ‘honesty’. In practice, this means exposing the infrastructure that
supports us, and making explicit our relationship with the natural environment. Honesty
encourages us to value the environment and take responsibility for its well being.
It is important to note that these principles can be expressed in any number of ways. The
intention is to inspire creativity, not limit it.. there are as many solutions as there are designers.
One such solution is the Thurgoona Campus at Charles Sturt University (p. 2).
They identify the key barriers to sustainable development as the perceived risk of
innovation, lack of financial incentive, lack of public interest, available industry skills or
resources and the lack of an integrated approach to decision making and design (p. 4).
There are further challenges in engaging the wider construction industry in realising
appropriate change to traditional practice. And of course, a commitment to eco-centric
design does not, in itself, guarantee ecological outcomes that are consistent with the
principles espoused in this thesis. The construction industry is highly fragmented, for
example, project initiation, design, the manufacture and supply of materials, building
trades, and construction management, are usually undertaken by separate companies.
The 2001 study by construction industry consultant, Peter Barda, and engineer, Tom Crow
examines the drivers of industry best practice through the in-depth study of 28 projects pre-
selected as projects of excellence, including the Thurgoona campus. The study points to
‘improved relationships, both within the industry and between the industry and clients’ as
one of the key challenges to the building and construction industry. Interestingly, the study
identifies all the most important ‘drivers of excellence’ as behavioural. The most
significant factor being ‘a trusting relationship, which comes from effective and informed
client leadership’ (p. 5). Performance was consistently the lowest in process improvement,
supplier relationships, and information use.
A participatory approach integrates the client in the design process and goes some way to
addressing the lack of cohesion in the construction industry, although it is often not within
the scope of the designers’ role to influence the construction delivery method. The
examination of inter-relationships and the emphasis on innovation is often critical in
facilitating improvement in processes. An ecodesign approach should be an informed
process that records not only the design decisions, but details the design process, providing
an important information base for use throughout the construction and occupation of the
development.
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Siitonen (2001) suggests the reasons industry may choose to use a more comprehensive
design strategy will vary, and, in reality, are unlikely at this stage to be a commitment to
green ethics.
Construction solutions that assist to create wealth for building owners are a key output from
development groups within BHP CSA, solutions that allow faster construction, facilitate the
re-configuration of buildings for future uses, and lower operational costs, for example. Many
of these construction solutions will also benefit the environment, by reducing operational
energy consumption and improving water management (p. 29)
However, even if environmental design is treated as an added extra, the benefits to industry
are real and designers may need to position the strategy in the industry context by
identifying these benefits as the primary rationale for ‘doing the right thing’. A
comprehensive ecodesign strategy:
- provides a legible and detailed account of the environmental status and performance of
the development;
- develops a clear direction for ongoing improvement;
- reduces operational costs of energy and water;
- enhances flexibility for future uses;
- contributes market credibility;
- improves indoor air quality;
- contributes to occupants' productivity and self-esteem;
- benchmarks the building in terms of environmental performance;
- helps protect building owners and property managers against environmental liability
(potentially future environmental insurance liability claims);
- highlights specific areas for potential environmental legislation.
The biggest impact on the application of an ecodesign approach will be our own
commitment and abilities, and education will play a role in this. Architectural and
engineering education needs to foster a professional concern and intellectual approach to
built responses to the issues of climate change, energy source depletion and environmental
impact.
A part of this may need to address the vocabulary and meaning of environmental language
in architecture, to look at the stories that have already been written with this language.
Eco-centric ethics needs to form the core of critique for existing and new works, and
should be taken as an environmental paradigm around which much of the discussion needs
to takes place.
How we define architecture may be a further impediment. What is environmental
architecture? It is a way of designing buildings and manipulating the environment within
and around, buildings by working with eco-justice principles rather than against them. Thus
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we are concerned with the environmental impact and responsible use of resources as the
major contextual generators, and with passive design as the foundation of benign comfort
conditions. However this is not the whole story, as it may make the practice of
environmental architecture sound too technical. The whole description of architecture is, in
reality, an artwork, where the architect must visualise and define the quality of the spatial
interpretive experience before it is realised.
5.3 Implications: Outcomes for the theory, policy and practice of
architecture.
5.3.1 Theory or ‘What accounts for the architectural community’s pervasive refusal to
confront real issues in the realm of architecture and the world that circumscribes
it?’(Ghirardo, 1996, p. 382)
Our social and technological history reveals a belief system and a social structure that are
contributing directly to the process of biospheric degradation. The consequences are not
just problems of technology, but include the inappropriate use of technology. The human-
centred focus of our cultural identity is allowing the wealthy to capitalise from ecological
destruction.
Of central concern is the disparately amoral political, social, and economic context in
which we operate. Val Plumwood (1999) identifies this context as instrumental in
perpetuating ecological destruction.
We need to understand that we are not just dealing here with an absence of ethics in the animal
sphere, but also with a disempowerment of ethics and communicative experience generally in
neo-liberal societies, and hence with something that affects both humans and non-humans...The
growing exclusion of justice, care and responsibility from the economic sphere in the interests
of global competition affects all of us in different ways, but these different ways can still bring
us together in the struggle for a fair and just form of economic life as it affects both human and
non-human spheres (p. 208).
We need to address both our unviable behaviour and the values and belief systems that
generate our behaviour. Typically we avoid these questions due to their complexity and our
lack of sensitivity to other members of the ecological community. Firstly, we lack a
detailed understanding of environmental systems and our interaction with them. Secondly,
we lack the ability to value social and ecological health and accept an affordable level of
comfort. So, just what is an acceptable quality of life, and who will get it, why, and what
are the implications?
We really don’t need to research these questions to draw some simple conclusions. The
immediacy and impact of the process of biospheric degradation is serious. Fish are few,
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rivers are dying, frogs are scarce, air is foul, rain is acid, soil is sour, the sun burns and
people are at war. We are failing to respond globally, nationally or regionally. Clearly, we
need to change our behaviour.
We should not become mesmerised by such an expectation of catastrophe, but unless we keep
reminding ourselves of the reality of our present situation the world will continue on its present
course; and this simply has to be changed (Low, 1999, p. 14).
Some change can be accomplished by technological means and there is extensive
information about how to do it, or we know how to find out. However, technological
change will not be sufficient. We can build energy efficiently, but the energy used to move
around our cities probably outweighs these savings. Wealthy countries export toxic waste
to poorer countries for ‘disposal’. We need a new way of looking at things and a new way
of behaving.
What is certain is that changes in thinking, feeling and behaving by each and every one of us in
relation to our ecologies and each other are needed to make the substantial changes that will be
required. We will not voluntarily become ecological citizens until our identities are such. Our
identities will not be ecological unless and until we act in ecological ways in our private and
public lives day after day after day (Shearman, 1997, p. 262).
It seems inconsistent to, on the one hand talk about the complexity of interactions, and on
the other make it sound so easy; of course it's not.
Architecture is inherently in the public sphere, although this is not to deny that the personal
is also very political. It is necessary for architects, regardless of their view of public versus
private life, to adopt a very cautious approach to leaving their mark in public. Architects
seem to be looking to either leave their mark on the environment, or ‘to enhance what is
there’, observe Denise Scott Brown and Robert Venturi (1996) as they challenge architects
‘to question how we look at things’ (p. 310). Their argument is deliberately without value
judgement in the provocative presentation of the Las Vegas strip as a model of architectural
communication. The key relevance, to this thesis, of their work on the emerging
‘manifestation of an opposite direction of architectural theory’ (p. 320) is their recognition
of the strength of the political and cultural climate in determining architectural persuasions.
Or as the philosopher, John Ferguson (1975) comments, ‘...the ideal city lives in its
citizens, here and now’ (p. 187).
Tony Fry (1999) confronts the unavoidable limitations of a democratic society that allows
unsustainable choices and calls for a radical change in design thinking.
The failure of environmentalists to think the foundations upon which their thinking rests means
that ‘solutions’ are posed without the problem ever being adequately defined. .... Sustain-ability
demands a changed foundation of thought and value with which to define problems and on
which to build and judge all other actions (p. 287, 288).
Change is essential, as Brenda and Robert Vale (1991) argue:
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…it is no longer sufficient that the design satisfies the client, can be built within the budget
allowed, and earns the aesthetic approval of architectural peers; the designer of a building must
also realize the responsibility that resides in making any part of the built environment, however
small- that design for the few affects many (p. 181).
Behavioural and attitudinal change was inherent in the design thinking about the
Thurgoona campus and this was recognised by Anne-Marie Willis (2000) when she
interviewed staff, managers, construction workers and designers for her case study of the
campus.
In many large projects, social and cultural benefits are largely add-ons — aesthetic
improvements to the built environment, better street lighting, increased safety, maybe the
provision of a park and so on. Thurgoona’s social and cultural ambitions are far higher, in that
it aims to provide an exemplary environment for low impact living. Through its carefully
integrated systems of energy, water and waste management, it sets out to actually change
behaviour and thus contribute to cultural change towards more sustainable ways of living and
working.
Architecture, being in the public sphere demands a rigorous and consistent theoretical base.
More than that, to operate in the public sphere we must be prepared to acknowledge the
risk that we may get it wrong. Another aspect of the public nature of architecture is to
avoid translating everything into our own terms. Therefore, this thesis presents a reflective
view of a design experience that is comprehensive, transparent and adaptable.
5.3.2 Policy
Australian government, industry, and professional policy has until recently focused
primarily on energy efficiency and is largely based on voluntary practice. Following
extensive research, the Australian Greenhouse Office has developed NABERS, a
performance based rating system that measures an existing building's overall environmental
performance during operation. The impacts measured include energy, refrigerants
(greenhouse and ozone depletion potential), water, stormwater runoff and pollution,
sewage, landscape diversity, transport, indoor air quality, occupant satisfaction, waste and
toxic materials.
The Australian Building Codes Board has recognised that sustainability should be part of
the Building Code of Australia and has identified energy, water, materials and indoor
environmental quality as the issues to be take into account.
The Environment Protection and Biodiversity Conservation Act 1999 compels
Commonwealth organisations to detail their environmental performance and their
contribution to ecologically sustainable development. The Department of the Environment
and Heritage has published the ESD Design Guide for Australian Government Buildings
(2005) to assist Commonwealth organisations in this process. The former Australian
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Building Energy Council, an industry body, has published a number of case studies to
promote energy efficient design on its web site.
It is at the project level that this thesis concentrates. Nevertheless, a useful outcome of the
thesis is to identify areas where research is needed and highlight specific areas for potential
environmental legislation.
The Royal Australian Institute of Architects (RAIA) Environment Policy (2001) is very
much client focused, emphasising professional responsibilities to clients. Although
reference is made to shifting professional values towards ecological sustainability, there is
no reference to any significant change in design processes or a political role in influencing
the form of urban development. However, it represents a start and may be useful in
triggering some awareness of environmental responsibility in the profession. Parallel
change is needed in the education system.
The Education Policy of the RAIA, although encompassing the study of environmental
issues, falls short of proposing a pedagogy based on the integration and recognition of
ethical propositions. There is no suggestion of shaping ‘learning by living’ (Bell &
Johnston, 2000). However, it establishes a long overdue and useful ecological framework
for architectural education, albeit limited. Lyndsay Johnston, principal author of the policy
puts it in perspective:
There remain many paradoxes in architectural practice and education with regard to the
relationship between the international mainstream of media driven ‘style’ architecture and the
crucial realities of ecological sustainability (p. 59).
The implications of this thesis to architectural education is, on the whole, no different from
the priorities established for education generally. Clearly the Australian government has a
catalytic role to play in the support of ecological sustainability initiatives in a wide range of
community and educational settings. Howard et al (1999) call for the incorporation of
environmental imperatives throughout the curriculum, integration of education about
sustainability with the wider community, and the unification of design, practice and
learning.
Currently there are few Australian Universities overtly actioning an environmental agenda,
with specialists largely remaining on the fringe of a more generalist approach. This relies
on a strong commitment by all, or most, to environmental ethics and values, developing
appropriate attitudes, skills and behaviour amongst students and the reorientation of
coursework and research. Such an approach makes a dangerous assumption that belittles
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the prerequisite technological and ecological knowledge, and the political, social, and
economic complexity of the issues.
A driving force in the recent reorientation of university courses is the industry demand for
trained staff in sustainable technology and related areas. According to Lund and Jennings
(2001),
Universities are starting to respond with undergraduate and postgraduate programs, particularly
in engineering, science and architecture. Almost all universities in Australia now offer one or
more renewable energy related units at undergraduate (and or postgraduate) level. Some
universities, such as the Australian National, Curtin and Melbourne offer renewable energy in a
more substantial way (p. 6).
So change is happening as a reaction to a training need identified by industry. This makes
it all that much more important for education to be grounded in an ethical base of eco-
justice. Let us also be clear about our motivation for being involved with industry, and
teach our students how to recognise ecological wealth.
5.3.3 Practice
In adopting an eco-centric view, we have two choices of action according to philosopher,
Robyn Eckersley (1992), either by bringing about the peaceful and creative disintegration
of industrial society or by ‘inviting change through education and exemplary action’ (p.
182,183): put another way an eco-archi-‘terrorist’ role versus the best practice model.
Few architects appear to have taken on the eco-archi-‘terrorist’ role, perhaps a reflection of
the conservative and apolitical historical nature of the profession combined with its socio-
economic background. Diane Ghirardo (1996), architectural theorist and educator, claims
that ‘avoiding the risk of antagonizing moneyed interest’ is the key reason architects take
the ‘safer course by designing buildings that evade issues of substance’ (p. 390). She goes
on to say,
In none of its manifestations does the profession dare to question the politics of building: who
builds what, where, for whom, and at what price. ...Certainly as professionals, architects do
little to gain a voice in these important decisions- they do not, for example, organise political
action committees; by default they are left with the trivial issues of fashion and taste (p. 390).
Architecture in Australia is traditionally an old boys club with its members drawn from the
elite private schools. So it is not surprising that those few seeking change have generally
opted for the best practice model.
Architect, Philip Bess (1996), points to examples of advocacy planning, environmental
design, and socially responsible design as indicators of an ethical shift towards
communitarian values in architecture. He cites the example of the Mad Housers, a
guerrilla group which constructs portable individual shelters for the Homeless as an
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example that there is a growing recognition of the need for an ethical stance in the practice
of architecture.
Bess’s positioning of the ‘building’s proper place in an urban hierarchy’ (p. 382), although
based on the spatial formalities of traditional architecture, is largely a recognition of the
power of the built environment to reinforce a particular way of life. He radically denounces
the themes of individualism and emotivism as promoting the ‘relentless stroking of
consumer passions’ (p. 377), deconstructivism as an unresolved ‘retreat from
accountability’ (p. 378), and neotraditionalism as class-specific aestheticism (p.380). Bess
is committed to communitarian values with
...greater appreciation of and attendance to various moral virtues central to success in various
human practices. These include the artistic practices of architecture and urban design, as well as
the political practice of sustaining and advancing the goods of city life (p. 381).
In a call for action, Laura C. Zeiher (1996), architect, conservatively puts the architect
clearly in the political arena:
The most important point here is that building professionals and owners must think of
themselves as human beings first, and that their professional work is done in service to the
community (p. 250).
Architect and author of the Hannover Principles, William McDonough (2000), highlights
the power of information through pursuing a ‘creative agenda of eco-effectiveness’ (p. 14)
in his architectural practice, and a separate company, manufacturing chemicals, fibres and
building materials, that he shares with Michael Braungart. McDonough advocates a patient
approach
Rather than separating ourselves from the realities of the industrial world …we find it more
creative to engage with it and seed the ground for transformation (p. 18).
Lindsay Johnston (2001), architect, comments on Australia that ‘politically the climate
lacks ‘bite’…While there is a huge engagement with the ‘green agenda’ at both intellectual
and practical levels, especially among individual architects and smaller practices, there is a
dearth of exemplary examples of large ‘green’ buildings’ (p. 59). The Thurgoona campus
provided an appropriate case study to contribute to our understanding of an ecodesign
process in practice.
This project is one of the first larger scale developments in Australia to comprehensively and
rigorously pursue autonomy and sustainability (p. 59).
One of Australia’s most ambitious ecological developments, Charles Sturt University’s
Thurgoona campus is a living showcase of environmental design (Collins, 2001, p. 26).
This thesis has drawn on an Australian work in progress and European established, 10-20
year old works. The story is a continuum. Past and current solutions have been examined,
and through a very personal journey the author has used this experience to contribute to our
understanding of ecologically benign architecture. Each work reveals the many layers
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aligned with different historical contexts but interpreted by an individual observer subject
to the real constraints of time, experience and prejudice. What has been important, is not so
much historical exactitude in recording an enormous amount of information about each
case study, but the strategic transition of a design process through a series of influences to
critical reconstruction. That reconstruction goes beyond the articulation of precedence and
encourages designers to establish an intelligent dialogue that questions the politics of
building.
Sandra Mendler (2000), Chair, AIA Committee on the Environment, makes the connection
between process and outcome in the practice of architecture when she reflects on her own
work that:
…many issues get right at the heart of how we think and how we evolve our design
solutions…As we move towards sustainable design we find the challenge is both more difficult
and more rewarding than we imagined in the beginning (p. 14).
Peter Smith (1998), former Chair of the RIBA Environment and Planning Committee,
challenges architects to respond to the almost inconceivable scale of environmental
problems with the emergence of a new generation of green architecture in the ethos of
autonomous buildings. His conclusions emphasise the need for attitudinal change.
Architects and engineers are in a position to demonstrate how a fundamental change of attitude
to the practice of their vocation can have a measurable impact on the destiny of the planet (p.
132).
Eiji Maki (2000), architect with one of the largest multi-disciplinary firms in the world,
discusses design as ‘a cyclical process of projection, practice and verification’ (p. 11) and
points to the continuing collaboration and interaction with academics and researchers as
important in this process and to refining professional skills.
If we are to build some construction as a solution to multi-faceted environmental problems in
our own age, the achievements of such collective, multidisciplinary work will take on and play
a greater role in the realization of our buildings (p. 11).
The importance of multidisciplinary teamwork has been a recurring theme throughout the
case studies. It is sad that there is no professional or educational architectural model in
Australia of project focused, integrated team practice.
Arguably, there is a vital tension building for architects to take critical action on the
political front, whether through archi-‘terrorism’ or persuasion. An eco-centric
architectural practice may be typified by research activities, analysis of materials and
processes, innovative applications of technology, new aesthetics and a social and political
profile. But there is agreement on the connection of process and outcome, the challenge of
change and the rewards of eco-effective design.
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5.4 Further research: Identification of areas of further research
There are four research imperatives. Firstly, to continue the search for understanding of the
deleterious impact of buildings on the environment. Secondly, to carry out a detailed
examination of the specific ways an appropriate ethical framework may enlighten and
inform the making of judgements in the design process. Thirdly, to provide demonstrable
examples of successful projects. Fourthly, to explore the integration of design, practice and
learning.
A key problem is to create linkages between researchers and industry, and to fascinate and
engage builders and designers in the process of responsible development. A necessary step
is to demonstrate that amongst other things environmentally sensitive development is not
simply compatible with, but essential to creating the highest quality living and working
environment.
The Australian Government research activity is largely limited to programs that have been,
to date, put to limited use in the industry. Environment Australia programs such as
NABERS by Roger Fay, Brenda and Robert Vale and Building Life Cycle Assessment
undertaken by the Centre for Design at Royal Melbourne Institute of Technology provide a
useful, albeit voluntary model. The Australian Government has yet to take on board the
direct support of a project to demonstrate the successful integration of environmentally
responsive elements in large buildings illustrated by programs in other countries, such as
the low energy office building by British Research Establishment (United Kingdom), and
the GIT building by Federal Ministry of Economics and Technology (Germany).
5.4.1 Impact of buildings
Research is needed that demonstrates an understanding of the deleterious impact of
buildings on the environment in policy, planning, construction and operation in terms of:
1. Environmental impacts:
- biodiversity and natural ecosystems;
- the wider systems serving the building; eg. transport, infrastructure,
neighbourhood, ecological, social, cultural, political and economic;
- water conservation, land conservation and atmospheric hygiene;
- application of a wide range of environmental indicators using a precautionary
approach.
2. Resource Use:
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- pollution and greenhouse gases;
- waste and emissions in construction, occupation and in demolition or
reconstruction;
- use of water and soil resources;
- healthy, pleasant and stimulating environments;
- social equity on a local, regional and global scale;
- integrated design process of early and intensive interaction between all parties
including tradespeople;
- use of appropriate tools and simulation programs to justify decisions;
- ongoing monitoring and use of obtained data to optimise operational and future
design strategies.
3. Energy use:
- passive environmental control;
- operational energy;
- embodied energy.
5.4.2 Ethical framework
The exclusion of eco-justice has not resulted from a conspiracy by architects and clients.
We have seen from the project case study that it happens despite deliberate ‘best’
intentions. Although not necessarily explicit, our decisions emerge in conjunction with
surrounding social structures and limitations in understanding. We don't have to wait until
this research is completed to see that we are in a state of ecological crisis, and that we have
to start to accept environmental responsibility. This then opens up another area of research,
research addressing how to influence cultural ideals which surface in the design decision-
making process.
More work is needed to establish the political context which governs the development of
planning policies and guidelines and ultimately provides essential practical and legal
support, and to identify the appropriate changes which will support a shared value system
sensitive to environmental concerns. A focus is needed on inter-disciplinary research and
development programs to examine where to begin and how to proceed in implementing the
shared values which support ethical design.
An important research issue must concern the rethinking of our relationship with nature.
This remains a central aspect of the green philosophies. The emerging new values on a
practical level call for a definition of resource management that embraces environmental
management, economic theory founded on environmental principles, and science. On the
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other hand, research should be able to elucidate a green philosophy that accommodates
concerns with both human social systems and nature.
Our relationship with nature is not only ethical, but also political. It has been argued that
the determinate character of current political and planning practices is inappropriate for a
rapidly changing society in which we need to make ethically valid, aesthetic decisions. We
need to understand how to make a shift to more flexible decision making processes that
combine subjectivity with an appreciation of the cumulative effects of actions of the past
and positive strategies for change in the future. Knowledge of these processes is
incomplete.
One important field of research is therefore the examination of process orientated decision
making tools that recognise that the way we think and behave characterises our moral
judgements. We need to understand how we go about social and political change.
A new environmental ethic involves a re-conceptualisation of space from a new political,
social, economic, and aesthetic standpoint. Research projects are required not only within
the key action areas of environmental degradation which may be building related, such as
technical requirements, user demands and the consequences of alternative solutions, and
the ethical, sociological, humanistic and legal perspective, but also to examine the
implications of the threats posed to the established organisation of space. The issues related
to the consequences that may be identified in future applications of the research results will
give rise to a new set of problems.
So once we establish our moral responsibilities, and develop a new social and economic
order based on environmental ethics, then we need to find new urban expressions based on
the resolution of individual needs, cultural change, environmental sensitivity and
sensibility, and equity issues. It is therefore an important and ongoing research task to show
how an appropriate ethical framework will enlighten and inform the making of judgements
inherent in the design process.
5.4.3 Demonstrable examples
The building industry needs tangible examples of successful projects. Projects are needed that
demonstrate an understanding of the deleterious impact of buildings on the environment in
construction and operation in terms of the reduction of environmental impacts, responsible use of
resources, and low energy use.
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The Thurgoona campus could be an example useful to the industry, but reliable data about
its performance is needed for a comprehensive environmental evaluation. The steps that
need to be undertaken include:
1. Monitoring
a) Buildings:
- commission building systems and undertake any rectification required;
- establish thermal performance monitoring for winter, spring transition period,
summer, and autumn transition period;
- analyse monitored performance;
- fine tune system/operations as indicated by analysis and re-evaluate;
- evaluate occupant satisfaction, use of space and quality of space.
b) Environmental Management:
- implement environmental management plan (Harrison and Mitchell 2001);
- establish operational procedures;
- establish performance monitoring for a minimum period of one year initially;
- evaluate performance;
- update environmental management Plan and continue monitoring program.
2. Assessment
a) Overall Management Policy:
- establish and evaluate commissioning procedures;
- evaluate effectiveness of site management;
- assess procedural issues.
b) Energy Use:
- monitor operational energy;
- assess embodied energy;
- evaluate CO² issues.
c) Health and Well-being:
- monitor indoor comfort, air quality, ergonomics, etc;
- monitor external comfort, air quality, ergonomics, etc;
- evaluate the functionality of space and occupant satisfaction
- analyse behavioural changes, modified expectations, tolerance levels, etc
- analyse modifications to the buildings.
d) Pollution:
- identify air and water pollution issues;
- evaluate transport options;
- establish CO2 impact;
- analyse location-related factors;
- analyse land use factors.
e) Ecology:
- assess ecological value;
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- establish conservation value;
- establish habitat value;
- establish biodiversity value;
- identify any enhancement of the site;
- assess environmental implication of building materials;
- evaluate water consumption;
- evaluate water efficiency;
- determine life-cycle impacts.
The Thurgoona campus may be considered the culmination of research in its own right, and
has certainly opened a plethora of research issues for ongoing analysis. For example:
1. In-slab hydronic heating and cooling supplied by solar collectors.
2. Underfloor distribution of air cooled evaporatively by waterfall and spay mists.
3. Geothermal exchange for heating and cooling.
4. Precast concrete chilled beams.
5. Water cooled roofs.
6. Intermittently loaded gravel based greywater treatment wetlands.
7. Recirculating stormwater treatment system.
8. Water conservation measures in an urban context.
9. Habitat and ecosystem renewal in an urban context.
10. Impact of the architecture of the educational setting on the attitudes of students and
staff.
11. Effectiveness of greywater treatment wetlands.
12. Radiant heating and cooling properties of rammed earth.
13. Optimisation of thermal control systems.
14. Embodied and life-cycle energy and water use.
15. Selection of non-toxic materials and indoor air pollution.
16. Selection of materials and construction processes that minimise environmental
impacts.
The research priority identified by this thesis is one of ‘doing’ as this teaches by
experience. The initiation and support, by the Australian Government, of at least three
projects in each of the key climatic zones of Australia and on both greenfield and urban
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sites is urgently required in the form of a large commercial type office building, a large
industrial complex, a residential village, and a large institutional project.
5.4.4 Integration of design, practice and learning
What has been created on the Thurgoona campus is a comprehensive, transparent and
adaptable architecture that supports pedagogy based on the tenet of learning through direct
experience.
Emerging in parallel to the environmentally responsible architecture of the campus are
signs of an integrated experiential learning experience. Ultimately, the potential of such an
educational setting is to create constructive learning communities that inspire informed and
active examination of environmental issues, and identification of social, scientific, and
cultural connections in forging solutions to environmental problems.
What is environmental architecture and how does it support learning? It is a way of
designing buildings and manipulating the environment within, and around, buildings by
working with eco-justice principles rather than against them. Thus we are concerned with
the environmental impact and responsible use of resources as the major contextual
generators, and with passive design as the foundation to benign comfort conditions.
However, this sounds very technical and how does teaching and learning fit in, and why?
If we accept that responsible environmental behaviour is learnt and that a caring and
informed response is necessary for appropriate action, then we must ask how can we teach
these skills. However, comprehension is not enough, modelling of responsible
environmental action skills must occur, both within the classroom, and without, to provide
the catalyst for action (Mosely, 2000).
More comprehensively, architecture is perhaps, an artwork, where the architect visualises
and defines the quality of the spatial interpretive experience before it is realised. In the
realisation of space we influence how we look at things and how we behave, therefore a
direct connection may be drawn between architecture and learning.
It is held by Kapala and Walstrom (2000) that real-life experiences are an essential adjunct
to issue-oriented teaching that emphasises an understanding of the underlying social,
scientific, cultural connections and solutions to environmental problems. Kapala and
Wahlstrom (2000) go on to say, to ‘change a culture, it is necessary to make the hidden
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rules behind everyday practices visible and then consciously deviate from them’ (p. 33). It
is in this very direct way that the campus is creating a practical and highly visible setting
that facilitates the understanding of complex environmental problems and offers alternative
solutions to some of the issues of environmental impact at a local, regional, and global
level.
Traditionally, environmental education has been focused on increasing environmental
knowledge. But given that environmental problems are produced by cultural practices
(Kapala and Wahlstrom, 2000), we really need to change environmental behaviour. What
people feel and believe becomes critical in educating them about the environment.
Attitudes formed through direct experience are more likely to facilitate behaviour change
(Hudson, 2001). The physical environment not only reinforces a highly visible example of
changed cultural practice, but is also a ‘learning laboratory’ for course related activities.
The Thurgoona campus presents a unique opportunity to integrate design, operations,
teaching and research practices of the University with the sustainable development and
management of environmental resources. To realise this potential, educational,
environmental, research and consultancy, and publicity strategies need to be developed
(Webster-Mannison and Mitchell, 2001).
The Thurgoona campus has the potential to become an integrated experiential teaching
model of demonstrated ecologically sustainable design and management that is
unsurpassed in Australia. Educational strategies are evolving, but need to be coordinated
for the potential to be realised including:
1. A review of current educational practice to integrate the campus more fully into
existing courses.
2. Enhancement of necessary resources of staff time and funds to integrate educational
uses of campus environs.
3. Initiation of new degree and/or diploma courses that complement the environmental
agenda.
4. Establishment of interpretive trails through the campus to support self-guided tours.
Environmental strategies, critical to the success of the environmental initiatives in place on
the campus, should aim to:
1. Maintain and implement an environmental management plan for all future building
construction and engineered landscape modifications on the campus.
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2. Integrate educational and recreational use of the campus with links the campus with
surrounding community.
3. Prepare a resource inventory and environmental benchmarks.
4. Undertake ongoing environmental monitoring.
5. Develop ecotourism sites on the campus.
Exciting research and consultancy opportunities to work with industry, government and
community abound such as:
1. Case study of the campus as a model of integrated experiential teaching.
2. Development of design strategies, demonstrated technology and environmental policy
tools.
3. Investigation of the fundamental ingredients for the successful integration programs of
research, consultancy and teaching.
4. Demonstration, illustration and experimentation of the concept of ecologically
sustainable communities.
5. Examination of the impact on students and students for example, enhanced creativity
and innovation, improvement in their professional career prospects, and strengthening
of their recognition of social and ecological responsibilities.
6. Analysis of how the campus may influence environmental attitudes and facilitate
changing environmental behaviour.
The campus has already been the focus of both national and international attention. There
are real benefits in projecting an image of a campus that offers a unique learning
environment that enables students to be inextricably involved in a continual process of
improving the environmental performance of the university. The ‘learning to live’ slogan
clearly manifests an architectural, pedagological model that suggests a rethink of the
educational setting as a learning tool in its own right.
The green ethic behind the campus architecture is unveiled by the deliberately visible
integration of environmental design. The shaping of ‘learning by living’ through interactive
educational experiences involves adapting educational strategies to the local context. The
University’s strategic development of a locally grounded experiential learning model
utilising the unique campus environs to develop a globally informed curriculum is in its
infancy. However, there are early indications that this forward-thinking institution has
established a practical educational setting that supports students’ ability to integrate and
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recognise ethical propositions in a world filled with increasing social and environmental
change.
5.5 Conclusion: A special responsibility
This chapter has reflected on the means of handling complexity in solving poorly defined
environmental problems in design; namely the implications of responsibility to team
members and their roles; the necessary change in values and relationship between design,
ecology and ethics; the need for designers to care that what they do is sensitive to
environmental concerns; and the exploration of the multiplicity of ways of recognising
environmental justice.
The case studies are reconsidered to learn about design through experience and a
checklist is created that covers a range of issues that describe the author’s experience of
an informed decision making process, albeit not consummated. The checklist is not an
attempt to comprehensively deconstruct the complex explanatory web of the
interrelated issues of an ecological approach to design, but rather the ordering of an
eclectic range of intellectual resources and personal reflections, to build an insight into
the reflection by the author on her design experience.
Finally, pragmatic recommendations are suggested for action related to the organisational
framework that supports ethically and ecologically informed design practice within higher
education institutional settings. Perhaps no institutions have succeeded in reforming
operations across all the critical areas outlined by the recommendations and attempts,
including that discussed in this thesis, are directed toward environmental initiatives, rather
than a holistic embrace of sustainability. Part of the reason for this is the emphasis on cost
saving which make energy efficiency initiatives attractive, but does not necessarily support
sound ecological design. At some point, a paradigm shift in the economic order is
necessary. Another factor is the lack of support of the administrative leaders and an
organisational culture that does not foster a strong fit between the commitment to
sustainability principles and practice.
The intention of this thesis is to present environmental design practice in a manner that
may help to bridge the gap between design theory and practice by changing relationships
and processes. It is not possible for the many choices available in a design process to be
summed up and perfectly understood. However, it is possible to share a system of values so
that, as Brenda and Robert Vale (1991) put it, ‘...the ramifications of any action are
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anticipated, both now and for the future’ (p. 186). In relation to designing an autonomous
house the Vales make a cogent argument for adopting an alternative technology approach
that minimises resource depletion and environmental impact and supports self-sufficiency
and ecojustice (Vale and Vale, 2000). Choices will need to made throughout the design
process to define the extent to which an alternative technology approach may be embraced.
This thesis, to a point, uses case studies to trace limitations of the design process and create
new understandings about eco-centric architecture from a practitioner’s viewpoint. This
was useful because, in ‘real life’ there are many reasons why architects are unwilling to
acknowledge the ecological consequences of design actions. These reasons too easily stifle
innovation. They may be very practical reasons, such as time for design and research. Or
political in that we want to remain harmless, culturally cocooned in a realm of forms. Or
social in our perception of the profession as fashion consultants for our clients. Or
economic as we make money for developers and ourselves. By questioning the nature of
our design rationale, we can change. It is no longer a matter of the disposition of a client,
as the RAIA would have us act, but a special responsibility of those holding the power of
change.
A new aesthetic is emerging that reflects an integrative approach that recognises humans,
other animals, and nature, and values of mutual thriving, trust, care and communication.
Frank Lloyd Wright’s (1963) concept of an essential architecture shaped by integrity is in
the same realm. In speaking of a new aesthetic, Wright puts forward continuity as the ideal
of ‘… a living architecture in a new age, organic architecture, the only architecture that can
live and let live because it can never become a mere style’ (p. 18).
The overlapping spheres of art and life cannot be justly separated. An ethical restructure of
our design thinking shifts us towards an innovatory aesthetic that embodies form and
meaning. Therefore, aesthetics and innovation are no longer an individual’s choice, but a
social responsibility.
In this thesis the author has argued for ecologically informed strategies as the foundation of
the architectural design process. As architects we have a special responsibility to adopt a
green ethic, and to join with others to make change happen. Eco-justice principles are the
rationale for generating architecture that we, and speechless others, might be able to live
with.
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Glossary Appendix A
Active techniques are mechanised design solutions, often high impact and reliant on
generated energy input.
Alternative technology or soft technology minimise environmental impact, uses resources
responsibly and supportive of the principles of eco-justice.
Case studies fall into two primary categories. Firstly, the formative case studies based on
the author’s architectural practice from 1989-93, and secondly, the case study project
comprising the author’s built works at the Thurgoona campus of Charles Sturt University
from 1994-2000. The formative case studies further divide into the unbuilt work of the
author for the Australian Geological Survey Organisation (AGSO), and eight large office
buildings that the author had the opportunity to visit in 1991
Deep green design- refer to ecodesign.
Ecodesign or deep green design recognises issues of inter-generational equity,
conservation of biodiversity and ecological integrity, social equity and efficiency of
resource, and responds to the environmental consequences inherent in the design process.
Ecojustice is an environmentally ethical system of values that recognises that natural
objects other than humans as having independent value and the interconnection of social
domination and the domination of nature, and integrates the issues of justice and the
environment.
Environmental impact is the level of interference with natural systems: water, earth, and
air, and opportunities for conservation of ecosystems, habitats, and species.
Environmentally sensitive design satisfies user requirements, physical conditions,
development conditions, building regulations and standards, and financial considerations in
a manner that integrates a low energy response, responsible resource management and
minimises environmental impact.
Large campus style buildings are upwards of 15 000m² and may be made up of
interconnected clusters of relative low rise buildings, such as in most University campuses
in Australia.
Low energy design maximises the passive use of the building’s form and fabric to collect,
store, and distribute energy considering gross and operational energy.
Passive techniques are low impact solutions that optimise the building form and fabric to
effectively utilise ambient conditions.
Precautionary principle suggests that when there is uncertainty about risks of a course of
action, the activities should be ceased until proven that they do not pose a problem for
current or future generations.
Reflective action grounded narrative research methodology examines design problems
from the point of view of a designer in the design situation, and abstracts that experience to
create a more generalised view of the design process.
Responsible resource management minimises the depletion of natural resources, and
ensures social equity in the distribution of the costs and benefits associated with the use of
resources.
Soft technology- refer to ‘alternative technology’.
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MEMBERSHIP Corporate Member, RAIA, Registered Architect, Board of Architects NSW
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Webster-Mannison, M. (2000). Learning to Live: an environmentally sensitive
campus’, Presentation at Sustainable Environmental Solutions for Industry and
Government, 3rd Queensland Environmental Conference, Brisbane, May.
Webster-Mannison, M. (1999). Environmental Design in Practice. Presentation at
Sustaining the Future: Energy – Ecology – Architecture. Passive and Low Energy
Architecture (PLEA) ’99 Conference, Brisbane, Sep.
Webster-Mannison, M. (1997). Learning to live in the Twenty First Century.
Presentation at Designing Eco-Solutions. Catalyst ’97 Design & Environment
Conference, July.
Mannison, M. (1996). Environmental ethics and architecture, Presentation at 3rd
Annual Conference, Australian Association of the Philosophy of Applied Ethics, 1996.
Webster-Mannison, M.(1995). Environmental ethics in architecture. Presentation at
Rethinking the built environment, Catalyst '95 Design & Environment Conference,
University of Canberra, Aug.
Webster-Mannison, M. (1993). Ecologically sustainable building design for the
AGSO, Presentation at the Energy and Buildings Conference, Sydney, Aug.
Palmer, J and Webster-Mannison, M. (1993). Design data acquisition for building
simulation. Presentation at Third International Conference, International Building
Performance Simulation Association, Adelaide, Aug.
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PEER REVIEW OF WORKS
Santamouris, Mat (in press) Advances In Passive Cooling, London: Earthscan
Publications Ltd.
Rael, Ronald (in press). Earth Architecture, Princeton Architectural Press.
Sassi, Paola (2006). Strategies for Sustainable Architecture, New York: Taylor and
Francis.
Mackenzie, Andrew (2005). Learning through Example, Architectural Review
Australia No 079, Autumn.
Johnston, Lindsay (2002). Bio regional, Architectural Review Australia No 0092.
Woolley, Ellen (2002). Interactive learning, Architecture Australia 91:3, May/June.
Johnston, Lindsay (2001), The View from Australia. Green limits in the land of plenty,
in Green Architecture, B. Edwards (ed), London: John Wiley & Sons.
Barda, Peter & Crow, Tom (2001). Projects as Wealth Creators. Drivers of Project
Excellence, Sydney: Property Council of Australia, 2001.
Collins, Richard (2001). University of the Green Age. Waste Management and the
Environment 12:6, Jul.
Willis, Anne-Marie (2001) Charles Sturt University- Thurgoona campus, Australian
Building Energy Council web site.
Johnston, Lindsay (2000). Deep Green, Architectural Review Australia No 073,
Spring.
Howllin, Jan (2002). Truly, wholly, deeply. Steel Profile No 78, March, Sydney: BHP.
Walker-Morison, Andrew (2000). A Tale Of Two Campuses: Charles Sturt University
Staff Offices; Sunshine Coast University Arts Faculty Building Case Study in BDP
Environment Design Guide, Case Study 19, Melbourne: RAIA, May.
Extracts
While creating a social environment different in so many ways, through a process
decidedly more consultative and collaborative, it is fair to say that the work of Marci
Webster-Mannison and the design team at Charles Sturt University (CSU), shares
something of Plecnik’s vision. That is, a commitment to sustained design development,
successfully implemented over a number of years, using skilled construction techniques
and a certain organic, rhythmical legibility. Paths meander, timber ramps become
moments of ceremony and a small amphitheatre is less a place from which to hold court,
than to simply linger (Mackensie, 2005, p.86).
[the Student Association building] … shows all the characteristics of technical innovation,
material richness and special generosity, which distinguishes all the work of the CSU
team to date…crafted sequence of rather special buildings. (Mackensie, 2005, p.86).
The ILC [Interactive Learning Centre, CSU, Dubbo Campus] is a worthy beginning for a
new campus, and a benchmark of innovation for regional architecture (Woolley, 2002, p.
50).
The Charles Sturt University Thurgoona Campus, site and buildings, by CSU Director of
Design, Marci Webster-Mannison, is…one of the first larger scale developments in
Australia to comprehensively and rigorously pursue autonomy and sustainability. The
Thurgoona Campus buildings are in the lineage of ‘eccentric’ architecture- Bruce Goff,
Herb Greene, Paolo Soleri, Ton Alberts, Kota Kawasaki, Gregory Burgess…. The
conceptual integrity and many of the details of the exterior and interiors were, …delightful.
(Johnston, 2000, p. 95)
The design response [Thurgoona Campus] has been equally informed by a complex
understanding of environmental impacts and an unswerving commitment to make these
as minimal as possible. Out of this commitment to sustainability, modulated by
responsiveness to circumstances, Thurgoona has been created as a distinctive place that
has real ambience (very rare for institutional buildings). That can’t just be copied. On the
other hand, the disposition, thinking and learning processes that have informed its design
and delivery are eminently transferable to other projects. (Willis, 2000)
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KEYNOTE SPEAKER ‘Brisbane Sustainable Home’, Smart Housing Design Objectives Workshop
Queensland Department of Housing, January 2006;
‘Water Play’ Stormwater Industry Association of Queensland Annual Conference,
April 2005.
Futures Workshop. Brisbane City Council, September, 2004.
‘Green Forum’ Brisbane City Council, Queensland, November 2002.
Schools Sustainability Forum, Environmental Protection Agency, Queensland
Government, May 2001.
Professional Development Seminar, RAIA, Thurgoona Campus, October 2000.
Principles of Environmental Design, Department of Public Works, Queensland,
November, 1999.
‘Green Development’, Brisbane City Council, Queensland, July, 1999.
Heart of the City, (keynote speaker and think-tank participant), Berkeley, California,
USA, July 1998.
Principles of Low Energy Design Incorporated in Large Buildings in Northern Europe,
RAIA, ACT Chapter September, 1993.
Alternatives to Air Conditioning in Commercial Buildings, RAIA Professional
Development Workshop on Environmentally Sustainable Architecture, ACT Chapter
October, 1993.
Applications of CAD to Architecture, RAIA Professional Development Workshop on
Computers and CAD, ACT Chapter October, 1993.
INVITED SPEAKER Understanding Sustainable Development: Waste, Water and Energy, Australian
Green Development Forum, September 2006.
Subtropical Design Forum, Department of Housing/ Kelvin Grove Urban Village
Project, February, 2006.
‘Up the Creek’ On Edge, Off Centre, RAIA Conference, Cairns, Aug 2005.
‘Cooling Rural Australia’ Australian Refrigeration and Air Conditioning and Heating
Inc (AIRAH) Energy Efficient Design Conference, Nov 2002.
‘Environmental Achievements at Charles Sturt University’, The Environmentally
Responsible University- A Facilities Perspective Association of Higher Education
Facilities Officers (AAPPA), Sep 2002.
‘Building in Balance’, Environment, Culture and Community, University of
Queensland, July, 2002.
TEACHING Thesis Group, QUT, 2nd Semester, 2006.
Subtropical Design, QUT, 1st and 2nd Semesters, 2006
Subtropics and the City, 2005.
Master Class, University of Adelaide/University of South Australia, 4-7 May 2001.
Workshops, Gladstone State High School students, May 2001
Various lectures as Adjunct Professor, University of Canberra (2000 & ongoing)
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BUILT WORKS Charles Sturt University (additional)
1994-2001 Infrastructure, Water Management and Landscape (Dubbo Campus)
Residences (Dubbo Campus)
Psychology Centre (Wagga Wagga Campus)
Residential Cottages (Thurgoona Campus)
Specialist Teaching Herbarium Buildings (Thurgoona Campus)
Specialist Teaching Building (Thurgoona Campus)
Murray Valley Region Herbarium (Thurgoona Campus)
Experimental Winery (Wagga Wagga Campus)
Social Work Offices (Wagga Wagga Campus)
Information Technology Hub (Thurgoona Campus)
Grape and Wine Laboratories (Wagga Wagga Campus)
Agronomy Research Laboratories (Wagga Wagga Campus)
Animal Science Research Laboratories (Wagga Wagga Campus)
Radio Studios (Bathurst Campus)
Allen House Refurbishment (Bathurst Campus)
Sports Pavilion (Bathurst Campus)
Food Technology Facility (Wagga Wagga Campus)
Academic Offices and Library (Institute of Police Management at Manly Campus)
Student Pavilion (Thurgoona Campus)
Centre for Conservation Farming (Wagga Wagga Campus)
Infrastructure, Water Management and Landscape (Thurgoona Campus)
Child Care Centre (Bathurst Campus)
English Language Centre (Wagga Wagga Campus)
Islamic Study Centre (Wagga Wagga Campus)
Bus Shelters (Wagga Wagga Campus)
BUILT WORKS Australian Geological Services Organisation/Australian Construction Services
1990-93 AGSO New Building Project (unbuilt),
Refurbishment of Anzac Park Laboratories (ACT),
AIS Rowing Complex (ACT)
BUILT WORKS Private
Annandale Residence (NSW),
Sunshine Beach Residence (QLD)
BUILT WORKS National Capital Development Commission
1985-88 Canberra Tourist Information Centre (ACT),
Various Child Care Centres (ACT)
City Engineering Depot (ACT)
Medium Density Government Housing (Duffy and Belconnen)
Civic Youth Centre (ACT)
BUILT WORKS Peter Rutherford, Architects
1980-81 "Enterprise" (QLD)
First Avenue Townhouses (QLD)
Barnes Residence (QLD), "Elkhorn at Noosa" (QLD), Shirling Residence (QLD)
Wide Bay Brickworks Display Centre (QLD)
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SITE PLANNING Sippy Downs Town Centre
Thurgoona Campus (Albury-Wodonga)
Dubbo Campus
COMMITTEES Brisbane City Council Sustainability Advisory Committee (2005-)
Property Council of Australia (Queensland) Built Environment and Design Committee
(2005-)
Australian Green Development Form Projects Working Committee (2006-)
Chair, Sustainable Architectural Practice Working Group (2006-)
RAIA Environment Committee (2004-)
Environmental Advisory Committee, Charles Sturt University (1997-2003).
AGSO New Building Working Group (1990-93).
National Capital Development Commission(NCDC)/Australian Construction Services
Liaison Committee (1986-88).
NCDC/ACT Administration Working Party on the Provision of Child Care (1986-88).
Melba Flats Study Team (1988).
Working Group to Advise on the Potential for Application for Value Management to
the NCDC (1988).
Working Group on the Australian Draft Code of Practice: Slabs and Footings for
Houses (1984).
Joint Venture for More Affordable Housing Advisory Committee (1984).
Australian Case Study: 1989-93 Appendix C
CASE STUDY: New Building for the Australian Geological Survey
Organisation (AGSO)
Description The building form consists of long thin building wings oriented to
the north situated around courtyards employing evaporative cooling
techniques to reduce the heat load in summer. Landscape design
of the site and the courtyards is to provide screening of prevailing
winds and to promote cross ventilation of the buildings.
Location Section 34, Narrabundah, Australian Capital Territory, Australia
PROGRAMMIING
Design period: 1989-1992 (feasibility to final sketch design phases)
BUILDING DATA
Gross Floor Space: 30,000 m²
No of staff: 550
Staff Amenities: Recreation areas, canteen, display, casual meeting areas
Facilities: Museum, Library, public access collections, working collections,
laboratories, workshops, sales and copy services, offices,
conference rooms.
PROJECT TEAM
Project Management Roy Wellington (AGSO)
Architecture/Planning Marci Webster-Mannison, Australian Construction Services
(ACS/AGSO)
Laboratory Advisor Ken Heighway (AGSO)
Structural Engineering Tarek El Ansary
Geothermal Investigation R Evans, A Tucker, J Kellett and R Brodie (AGSO)
Mechanical Engineering Rob Rice (ACS)
Electrical Engineering Robert Lean (ACS)
Landscape Architect Andrew Leach (ACS)
Civil Engineering Howard Sedgewick (ACS)
Energy Management Trevor lee and Peter Lyons (Energy Partners)
Waste Management Cathy Berg (ACS)
Computing Systems John Palmer (ACS)
Quantity Surveying Brian Tilley (ACS)
Site
After conducting feasibility studies of five different sites allocated over the first few years
of the project, Section 34, Narrabundah was selected as the site on which to prepare design
and documentation (Illustrations C.1-2).
The design proposal for the 15 hectare site in
the western and central parts of Section 34,
Narrabundah, was located along Hindmarsh
Drive between Jerrabomberra Avenue and the
Eastern Parkway (Illustration 2.14). The
northern edge of the site was bounded by
playing fields in Goyder Street, Narrabundah.
There was potential to acquire a further 6
hectares for a future stage to the north-east. The
site had a gentle slope and good groundwater supplies that could be used for a geothermal
exchange system (Evans et al, 1992, p. 15).
Site planning
Site planning to optimise solar control, access to daylight, and ventilation comprised a
series of two-storey buildings linked by walkways and separated by landscaped areas
(Illustration C.4). Water conservation measures, including retention of all stormwater on-
site, use minimisation, recycling and rainwater collection, were also major determinants of
the site planning.
Illustration C.3: Narrabundah site
Illustration C.1: Anzac Parade site Illustration C.2: Kingston Foreshore site
The site and traffic planning were aimed at
reducing the impact of air pollution and
noise and included a thickly vegetated, noise
reduction mound on the southern boundary
adjacent to the heavily trafficked Hindmarsh
Drive.
The ACT Government advised that any
development on the site should be limited to
two storeys given the proximity of single
storey residential development. The low rise
building form suited the design approach to
the laboratory servicing which employed an
external service verandah and access
flooring. The visual impact of the fume
exhaust stacks from the laboratories was also of concern to the ACT Government, and the
low rise form had the advantage of minimising the required height of the stacks. An
interstitial service floor solution would have dramatically increased the building height
with consequent higher building costs and significantly increased fume exhaust heights.
The massing of low rise buildings would have provided a pleasant outlook to open space
from the offices and convenient service and vehicular access to the laboratories,
workshops, and plant areas. Building setbacks were related to the provision of acoustic and
air quality buffer zones between the proposed development and Hindmarsh Drive. All
parking was proposed on site with an initial provision for 325 car spaces to serve a working
population of 550.
The functional relationships required by the Programs provided the main organising
principle of the site planning. The Corporate areas formed a central spine that intersected
with a secondary spine of Scientific Programs. A single point of address provided for
independent and secure public access to the Information Centre. Earlier planning concepts
that attempted to locate the main entry and the Information Centre more centrally had the
disadvantage of splitting the Scientific Programs. The nature of the scientific work
programs led to the development of the plan form with a close laboratory and office
Illustration C.4: Narrabundah- site plan
relationship either side of a shared core. OH&S and cost considerations prevented the
location of offices within the laboratory environment.
Landscape design
The landscape design of the site utilised stormwater runoff and minimised the need for
irrigation, pest control and chemical fertilisers.
Landscape works included extensive tree planting to provide a setting for buildings and
reinforce planting along Hindmarsh Drive, at the same time retaining most of the mature
trees (mainly pines and poplars) that are established on the periphery of the site. A
predominantly native theme for both trees and ground cover was proposed to minimise the
need for irrigation, which was to be confined to few grassed areas.
Selection of plant species took into account the potential to support food and habitats of
native wildlife and to control weed species. All materials selection and plant species were
non-toxic and considered the use of foliage to filter dust and pollutants.
The channels and ponds were planned for stormwater control and to provide the potential
to balance the temperature of water used in the groundwater thermal exchange system
(Illustration C.5). The landscape design also included water features and misting to
increase humidity and reduce temperatures (Illustration C.6). Outdoor eating areas were
sited near the canteen and small active recreation areas, eg, for playing volleyball and touch
football, were included in the design.
Ecologically Sustainable Design
Design criteria were established for the development of an ecologically sustainable design
and a simple A4 page was prepared to illustrate the key issues (Illustration C.7).
Illustration C.5: Retention ponds
Illustration C.6: Misting of courtyards
Comfort conditions
Consideration of user comfort conditions for thermal, lighting, vision, sound control and
air quality was an important determinant of the design.
The project used criteria for thermal comfort that were based on the following:
- satisfaction with the work area thermal conditions is higher as the level of
individual control increases;
- thermal perceptions of comfort vary with the climate and season;
Illustration C.7: Summary of ESD Criteria
- user dress habits vary with the climate and season and nature of work;
- user activity levels vary with nature of work;
- theoretical mid-point of the comfort zone is 17.5˚C + 0.31 × mean outdoor
temperature of the month;
- width of the comfort zone is ± 2˚C;
- 17 and 28.5˚C are the limits;
- comfort zone may be adjusted for dress habits and level of physical activity.
The project used criteria for light levels that were based on the following:
- daylight factors are important to people's satisfaction with their work environment;
- daylight availability is variable and must be supplemented with sufficient artificial
lighting;
- light quality must have individual control of glare and brightness using adjustable
sunshading;
- electric light usage will be dependant on daylight availability and degree of control
of the light quality possible;
- individual switching of task lights allows the user to control the light level and
direction to suit the task;
- all occupants should have views to the outside;
- internal room finishes to be smooth, light coloured, and reflective for the
maximisation of available natural and artificial light.
The project used criteria for acoustic attenuation measures that were based on the
following:
- sound insulation qualities maybe necessary for privacy, control of noise and
reverberation;
- sound absorption rating of internal wall surfaces should be maximised without
compromising light reflection, hygiene, or, if wall operating as thermal mass,
thermal acceptance of wall surface;
- sound transmission of external walls glazing limits the exclusion of external noise
by building envelope, massive walls unlikely to be a problematic source of
transmission.
The design was based on the premise that satisfaction with the work area is higher when
the level of individual control increases. The design allowed for individual control of
openable windows and air movement for personal comfort, sunshading, daylighting and
task lighting, and space temperature.
An informal education process began during design by working collaboratively with the
users and giving seminars on design issues. The designer’s reasoning for this was that
ultimately, the building's performance will rely on educated, intelligent and responsible use
by the occupants. A more formal educational process was planned to take place during the
construction phase, and the design database was structured to provide the users with the
information they will need for the responsible management of their building (Palmer and
Webster-Mannison, 1993).
Low energy design
The requirements of space planning, and the optimisation of daylight and natural
ventilation determined the building form. Early decisions favouring passive techniques
were critical in developing a building envelope responsive to temperature variations. The
high thermal mass of the concrete floors and thick masonry walls, a high level of
insulation, the optimisation of windows for heat loss/gain and daylight, and the utilisation
of natural ventilation contributed to the stabilisation of internal conditions (Illustrations
C.8-11).
Illustration C.8: Natural ventilation Illustration C.9: Daylighting
Illustration C.10: Window operation- summer Illustration C.11: Window operation – winter
The slab was to be heated and cooled by the circulation of water that was supplied via heat
exchange with the groundwater on site (Illustration C.12-13). The underside of the slab
was coffered to increase the surface area of the thermal mass and thus improve heat
transfer between the slab and occupied space. Night cooling was also employed to reduce
the temperature of the thermal mass and spaces in the summer, and supplementary heating
that might be required on early winter mornings was provided by hot water radiators.
Additional heating and cooling in the laboratories was by natural convection, using water
circulating coils located on the ceiling.
The courtyard design incorporated fine spray misting using collected rainwater, to reduce
external temperatures in summertime. This was considered particularly important given
the potential conflict between openable windows and thermal control, when outdoor
temperatures are greater than those indoors.
The use of natural lighting is optimised. Double glazed, openable windows with dual
operation and individual control of external louvre blinds for control of solar gain, were
selected. Internal light and ventilation shafts provide daylight penetration to internal zones
and assist cross ventilation by the stack effect. The integration of daylight and
supplementary direct and indirect task lighting achieved the optimum benefits of energy
conservation and flexibility of individual control.
Resource management
The design proposal was for a building which consumes substantially less energy, with the
balance of energy input needed utilising cogeneration principles and local storage of energy
in heat sinks and sources such as groundwater thermal exchange (Illustration C.13).
Illustration C.12: Heating and cooling
Illustration C.13: Groundwater thermal exchange
The most likely option for the provision of hot and cold water was by storage and heat
exchange with a natural aquifer (Illustration C.14). This involved the establishment of hot
and cold wells on the site. In winter, hot water would be extracted and used for circulating
through the slab and preheating for domestic supply and radiators, and then returned to the
cold wells. Summer operation would be the reverse with water used to cool the slab and
supply the cooling coils. Civil and landscape design took into account the potential to use
the retention ponds for the movement and storage of water before return to the wells, to
keep the system in balance.
The energy efficiency was modelled and a reduction of the building's contribution to
greenhouse gas emissions by almost half, and elimination of the use of ozone depleting
CFCs and HCFCs was anticipated (Energy Partners, 1993) (Illustration C.15-16).
On-site power generation and cogeneration was demonstrated to be cost effective for this
project, particularly given the high demand for electricity and standby power requirements
of the laboratories (Energy Partners, 1993). The proposal was to use natural gas in turbine
engines providing shaft power to generators for electricity production in parallel with grid
supplies. Excess electricity was to be fed back into the grid. Waste heat from the engine
exhaust and heat exchangers would meet balance of heating requirements for domestic
Illustration C.14: Geothermal exchange and co-generation
supply and radiators, and be used by absorption chillers to meet the cooling needs of the
laboratories.
Selection of materials was based on assessment of environmentally sensitive production
and sources, transport cost, life-cycle cost and potential for efficient use. The structure was
determined in relation to a range of issues drawn from thermal, lighting maintenance, and
life-cycle cost strategies in addition to the structural requirements. A one way, coffered,
precast concrete slab supported by reinforced concrete columns, internally and load bearing
brickwork external walls was an economic solution. The ribbed precast slab increased the
exposed internal mass and was developed to accommodate the hydronic heating system.
The hydronic pipework system was custom designed to have a long life and simple
maintenance. This involved straight runs of embedded pipework feed by externally located
header and return pipes protected by insulated ducts accessible from the service verandahs.
Internal columns reduced the span and simplified the integration of the thermal chimneys.
The external brickwork walls with two skins internally, an insulated cavity and an
external skin served structurally as well as thermally. Precast ducts were integrated in
the external walls for night cooling and service penetrations. The service verandah
allows flexible perimeter servicing of laboratories.
The simple roof structure of plantation timber trusses and Custom Orb Zincalume steel
roof sheeting is well insulated with reflective foil backed cellular paper layers. The
high pitched roof is an integral part of the thermal approach working in conjunction
with the thermal chimneys to allow stratification of the warm air and opportunities for
heat reclamation. Zincalume finish to the roof sheeting was selected as the most heat
reflective of the available finishes and its relatively benign nature in terms of roofwater
Illustration C.15: Energy use
Illustration C.16: CO2 emissions
collection. The double glazed, openable ‘Schuster’ windows are plantation timber
framed specially machined in a way that fully uses the complete section of a
100x100mm timber section to make two frames with a single cut.
Civil and landscape design incorporated water conservation measures including porous
surface treatments, reed beds in overland flow channels, retention ponds, use minimisation,
recycling of grey water, and rainwater collection (Illustration C.17). Peak flow run-off was
planned to at least be maintained within existing levels. Stormwater flow from within the
site would be detained in tanks and reed beds resulting in the peak discharges not
exceeding that calculated to occur from the undeveloped site.
- Runoff from building roofs would be
retained in tanks, using the water on site
for cooling by misting courtyards and
landscape irrigation. Overflow from the
tanks would flow in open drains to reed
beds.
- Runoff from paved and unpaved areas
would flow across the site and in open
drains to reed beds.
- The reed beds would be in channels
which would discharge possibly into
ponds, or more likely, directly into the
major open stormwater drain.
Tree planting was planned for wind protection and blocking of unwanted solar penetration,
as well as for the lowering of the ground surface temperature. Consideration of
atmospheric hygiene in the landscape design included the use of foliage to filter dust and
pollutants, and selection of non-allergenic materials and plants.
Atmospheric hygiene and Occupational Health and Safety considerations led to the
provision of 100% fresh air to the laboratories with no recirculation. This approach is
becoming widely recognised as essential to ensuring safe breathing air, and was given
absolute priority in the air handling design of the Laboratory of the Government Chemist in
London and the Government Chemical Analytical Laboratory in Brisbane (both projects
completed not too long before the AGSO project commenced).
A commercially competitive floor area efficiency of 86% in the office areas and 55% in the
laboratory areas was achieved. Often overlooked are aspects of human resource
management. Important to design decision making was the belief that worker productivity
Illustration C.17: Water management
is directly related to the provision of an efficient, healthy, and safe work environment,
particularly where individual control of comfort conditions is possible.
Environmental impact
The final site selection was based on site availability, proximity to functionally related
facilities, the potential impact on local environmental quality, compatibility of land use,
and suitability for a passive design approach.
The development of a detailed waste management strategy also influenced the building
design. Work areas were to be planned to facilitate the separation of different types of
waste and the safe disposal of chemical waste. Means of reducing fume exhaust were
examined and ongoing air quality monitoring was proposed.
Landscape strategies included the elimination of the need for chemicals and irrigation.
Greywater is passed through a gravel filter, combined with stormwater run-off, and
channelled through drainage swales planted with reeds and native grasses. Generally
existing trees are to be retained and plant species selected to support appropriate native
wildlife habitats and to exclude potential weed species.
Performance
During design development the team undertook simulation studies of the fabric and
elements of the building design to test its effectiveness against the performance design
criteria. From these studies we would develop more accurate models for the building,
which would be used with real-time data in the completed project as the performance
management part of a building management system.
An integrated, computer-based design, construction and building management systems
approach was under development, in support of the building design processes. It used an
object methodology to specify and generate design data that would be relevant beyond the
design phase of the project, and would be used for the dynamic management of the
facilities.
Space planning
The architecture is simple and classical in form and is an expression of the user
requirements and the desire to optimise solar control, access to daylight and ventilation.
The basic requirement for the building to be adaptable to changing work patterns over its
life is met by the following:
- use of repetitive modular design which suits a variety of office and laboratory
layouts;
- arrangement of office and laboratory blocks along a spine allowing for flexibility in
group sizes and facilitating future expansion by extension of the spine;
- inclusion of access flooring throughout;
- external verandahs to the perimeter of the laboratories allowing services to be
'plugged' in as required and providing additional fire safety egress;
- demountable modular benches located along a central service spine.
Architectural decisions regarding the building envelope hinge on the requirements for
flexibility and thermal criteria for a building responsive to daily and seasonal variations
including the following:
- wall and floor areas and construction optimised for thermal mass;
- window area optimised in relation to heat loss or gain and daylight;
- ventilation by openable windows and internal voids using the stack effect;
- external adjustable sun shading;
- daylight enhancement techniques such as splayed reveals, highlight windows
possibly with light shelves or prismatic glass.
The architectural character is in direct response to these functional and ecologically
sustainable design objectives. But the design aesthetic is also to present a welcoming
image appropriate to the representation of science as an integral part of our everyday life
and culture. Ultimately the aim is to create a safe and humane environment for people to
work in.
The planning, connecting individual buildings with two intersecting ‘main streets’, is
mainly related to the Program requirements and the aim of bringing sunlight into the work
areas. However, an atmosphere of a business park is created and the ‘main streets’ set the
scene for scientists and researchers to meet industry, public and government clients.
Although familiar forms and materials are used repetitively, an institutional appearance is
avoided by varying the detailed treatment of some elements and the building in of a diverse
range of display items along the ‘main streets’.
The masonry expression of the office buildings is followed through in the laboratories in
the form of brick piers and around the windows and in the stairs and base of the plant
rooms. The ends of the buildings with the landings to the stairs articulated as balconies and
the bridge links are detailed differently to break the monotony of repetition. The bridge
links, as well as increasing the opportunities for visual interest, create a focal point where
employees may informally interact whilst moving about the building.
There may be a requirement in the final design of the laboratory courtyards to include
fencing if the level of security needs to be increased. The introduction of low walls and
fencing provides a further opportunity to add visual interest and some allowance for this is
in the cost plan.
The building grid lengthways of 3000mm in the office and 3600mm in the laboratory
blocks and the widths were determined in consideration of the following:
- space planning for efficient use of space and flexibility using a 3000mm office
block planning grid to suit 12m² offices and workstations, and 3600mm laboratory
block planning grid to suit safety requirements for aisle widths between benches;
- detailing for the efficient use of materials to minimise waste and cut-off;
- modular constraints including compatibility with 300/600mm materials controlling
dimensions, and development of detailed controlling dimensions to allow for
materials and construction tolerances.
Flexibility
Flexibility to allow for expansion, replacement, change in work patterns, variable hours of
occupancy and use, and work out of the office included optimisation of the following:
- width of office blocks to suit daylighting for a wide range of tasks in the perimeter
and internal zones, as well as providing commercially efficient space;
- width of laboratory blocks to a range of safe bench, fume cupboard, chemical
storage, safety station locations and fire safety egress;
- flexibility in laboratories for wall
penetrations and servicing in
consideration of size, frequency and
degree of protection required, external
services verandah eliminates need for
fire rating to penetrations, minimises
disruption to laboratories for alterations
or connection of new services, and
demountable benches with convenient
access to a service spine for ease of
maintenance and alteration (Illustration
C.18);
- flexibility for services supply in offices
and laboratories by provision of access
flooring, eliminating the need for floor
and ceiling penetrations.
Illustration C.18: Flexible benches
Display
The proposal was to develop the public areas, courtyards and main pedestrian street as an
educational network full of excitement and surprise by incorporating interesting items
related to AGSO throughout the building. Some items may have historic interest and
should be treated as permanent ‘artworks’, others may be part of a changing display. This
approach had the side effect of solving a serious storage problem as the space allocated to
the museum was grossly insufficient for the quantity of material held by the organisation.
Some ideas identified included the following:
- all areas that have collections (minerals, rocks and fossils, etc);
- Cartography (maps and aerial photos over the years, plus changes in map
production , eg by hand to automated);
- Geophysics (in particular the Observatories group for photos, instrumentation, etc,
includes land sea and air surveys, including Antarctica);
- Onshore program (photography of mapping techniques, eg surveys by camel, to
direct computer entry in the field, etc);
- Seismic (early methods, changes equipment and technology);
- Palaeontology (numerous collections and unique personalities, eg Opic, Crespin, etc
with all their memorabilia, microscopes, drawing aids, etc);
- Minerals & Land use (field party records over the years, landsat and how it has
changed through the years, unique instrumentation in both office and laboratory
areas);
- Marine (laboratory instrumentation/changes in Petroleum instrumentation, early
computer processors and instrumentation, early marine surveys to present day).
Occupational Health and Safety
The need for new accommodation for AGSO was based on the continuing relevance of
AGSO's activities to Australia and the gross inadequacy of present facilities.
Independent fire and OH&S surveys, and professional advice from Australian Construction
Services, confirmed that the building cannot be refurbished to modern standards and codes
for laboratory operations. The ACT Fire Brigade has advised that it has attended a number
of incidents at APE which placed some if not all occupants at risk. ACT Electricity and
Water has advised that major refurbishment of hydraulic systems in the building are
required to bring the building up to standard.
A number of serious problems were identified during an OH&S Audit of AGSO by the
Australian Nuclear Science and Technology Organisation in November 1990 (ANSTO,
1990). It concluded that there was no doubt that the headquarters building of AGSO was
not suitable to house chemical laboratories and workshops. The problems of recirculation
of fumes, cramped laboratories, sub-standard fume cupboards, storage of hydrogen
cylinders, lack of head-room and the movement of cryogenic liquids, cannot be properly
addressed without new laboratory buildings designed to cope with these problems.
The principal conclusions were that the laboratory occupancies presented serious fire and
safety hazards and should be relocated to a purpose constructed building. To avoid
immediate closure of the premises a series of refurbishments, designed, documented and
managed by the project team, were undertaken as a temporary measure.
This process served well to educate the team in the safe design of laboratories and
workshops, as well as office space. A comprehensive safety checklist was developed as one
of the design tools for the new building project.
International Case Studies: 1991 Appendix D
Note: based on material prepared and written in 1991-92 on the basis of a field trip
D.1 CASE STUDY: Överkikaren- Federation of the County Councils
Description Redevelopment of a city block called "Överkikaren" including the
new construction of an office building, Scandic Crown Hotel and
conference Centre, retail shops, a restaurant and a health club.
SITE VISIT
Date of site visit Wed 16 Oct 1991
Address Överkikaren, Stockholm, SWEDEN
Guides VVS Engineer Mr Peter Larsson
Prof of Architecture Mr Olle Wahlstrom
Client for offices Federation of County Councils
Other tenants The Swedish Planning and Rationalisaation Institute for Health and
Social Services (SPRI), SENSIA Konsulter, SwedeHealth, Swedish
Overseas Medical Care and Rehabilitation Ltd(SUVAB) and The
Purchasing Company of the County Councils(SUB)
PROGRAMMIING
Construction period: completed March 1989
BUILDING DATA
Gross Floor Space: 23,800 m²
No of staff: 400
No of lifts: 7
Staff Amenities: cafeteria, health club
Facilities: library, conference rooms, lecture hall, art works
CONSULTANTS
Project Management K-Konsult
Architecture/Planning K-Konsult (Mats Edblom)
Structural Engineering K-Konsult
Geological Investigation K-Konsult
Mechanical Engineering K-Konsult
Electrical Engineering K-Konsult
Interiors K-Konsult (Karin Ahlgren)
Art Advisor Prof Nils G Stenqvist
Landscape Architects K-Konsult
Main Contractor Överkikaren Consortium (BPA, Ohlsson Skarne)
Ventilation
There is fresh air intake on the roof and openable windows to the outside and to the atrium.
Heating and cooling
The building is thermally massive and has a high level of insulation. The atrium thermally
insulates the interior spaces, mediating the external temperature and providing natural
ventilation to the interior offices (Illustration
D.1.1). Solar gain to the atrium and offices is
used to reduce the heating load. The used air
is exhausted through a heat exchanger on the
roof of the atrium and the reclaimed heat
transferred back to the sealed radiator heating
system. The radiators are generally located on
the perimeter of the rooms and are
individually adjustable.
Lighting
Daylight is optimised to all internal spaces either from the atrium and/or windows to the
outside (Illustration D.1.2). Bay windows situated on each corner of the atrium lightwell
increase daylight penetration.
Performance
Capital costs were similar to that of other
office buildings and it is anticipated that
energy running costs will be significantly
lower.
Space planning
The space is well utilised and people enjoy a
high standard of interior design, views and
daylight. Each employee has their own office
which adjoins shared space for individual and
group work, meetings, breaks, kitchenette,
Illustration D.1.2: Överkikaren- atrium
Illustration D.1.1: Överkikaren- atrium roof
photocopying and personal computers (Illustration D.1.3). The furniture was designed and
selected to ensure that the use of space is optimised.
Ground floor circulation is through the
atrium. Upper floors have a central corridor
which intersects balconies facing the atrium.
These balcony areas also provide shared
space for meetings, group work and breaks.
Public access is through a security point at a
reception area that leads to the atrium. Many
public ‘shopfront’ activities are accessed
directly from the atrium and a combination of key card control and reception counters
secure access to office areas.
Flexibility
Generally everyone has their own standard size office and access to shared space in multi-
function room.
Occupational Health and Safety.
Selection of non-synthetic materials such as wood, linoleum, and wool upholstery for much
of the interior design reflects the growing concerns with the atmospheric hygiene of
plastics. Plants are grown in atrium which may also have a beneficial effect on the air
quality.
Illustration D.1.3: Överkikaren- group space
D.2 CASE STUDY: Headquarters Building,
Scandinavian Airline System
Description New SAS head office comprising 5 office blocks connected by an
atrium pedestrian street along which staff amenities, facilities, lifts,
bridgeways and stairs, cultural events, exhibitions and informal
meeting places are located.
SITE VISIT
Date Thu 17 Oct 91
Address Frosundavik alle 1 Solna S-161 87, Stockholm, SWEDEN
Guides Facilities Manager Mr Lars-Erik Ahlf
Services Engineers AIB Consulting Engineers Soren Anderson (V President)
Sam Johansson (Engineer)
PROGRAMMING
Design period Conceptual design(energy) Summer 1984/site purchase agreement
May 84/architectural competition Jul 84/ architect appointed Jan
85/construction planning (SAS and Ake Larson Byggare) Jan
85/competition for energy system Spring 85/hydrological survey Apr
85/land purchase Aug 85/blg construction commenced Nov
85/legislation enacted Dec 85/Swedish Council for Building
Research funding Dec 85/AIB commenced design Jan 86
Construction period Building Nov 1985/energy systems Autumn 86/operation Feb
87/occupation Jan 88/addition of energy management system and
heat pump Spring 88
Handover Education of operational staff Spring 90/completion of evaluation
period and handover July 90
BUILDING DATA
Gross Floor Space 64,000 m²
Car Parking External
Net Floor Area 54,000 m²
No of staff 1,500
No of lifts 6 passenger lifts
Staff Amenities ‘Main street’ activities, 3 restaurants/cafes, recreation facility(50m
swimming and physiotherapy pool, gymnasium, equipped gym,
cafe, physiotherapy, health consultants), medical service, tennis
courts, jogging track, jetty for sailing
Facilities Conference services, convenience store, bakery, SAS boutique,
staff travel bureau, banking, TV studio
CONSULTANTS
Project Management Ake Larson Byggar
SAS Project Manager Jaan Veidermann
Architect Niels Torp A/S
Services Engineering AIB Consulting Engineers
Interiors Plan 5 Arkitekter AB (Stig Ahlstrom)
Main Contractor Ake Larson Byggare
Facilities Management SAS
Ventilation
Ventilation is 100% fresh air supplied through a combination of openable windows and
ducted air from ducts with intake vents between buildings. The ducted air is moderately
preheated or cooled and provides 1-2 air changes
per hour. Air is not recirculated, but is passed
through a heat exchanger before being exhausted.
The atrium acts as a mediator of the climate as
well as ‘insulation’ to the office wings (Illustration
D.2.1). The atrium provides for exhaust air from
office wings and is vented for summer cooling.
The decision to provide 100% fresh air ventilation
was based on providing a high standard of hygiene.
Openable windows were considered necessary not
only for ventilation, but also to provide for
individual control of comfort.
Heating and cooling
Natural ventilation is effectively integrated with convection based heating and cooling
systems. Offices are maintained at about 20ºC and atrium at 14-25ºC. Each office has a
thermostat to ensure individual satisfaction with conditions. Additional heating and cooling
is by natural convection using ‘Farex’ coils located on the ceilings of offices (Illustration
D.2.2). Water chilled to 14ºC is circulated through
the coils for cooling. The temperature is
increased during times of very high humidity to
prevent condensation. Sensors in the rooms
control temperature using solenoid valves.
Additional heating is provided by electric
convection panels on office ceilings, but is rarely
required as internal load is usually sufficient.
The site is located on a boulder ridge over a natural aquifer. Hot and cold water for all
heating and cooling is provided by storage in an aquifer, aquifer thermal energy storage
Illustration D.2.1: SAS- atrium
Illustration D.2.2: SAS- ‘Farex’ coils
(ATES). The ground water level is 2-8m below the surface and remains fairly constant
throughout the full seasonal cycle. The cold wells are sited at a depth of 20m, and the hot
well is very shallow. Three cold wells and two hot wells have been established.
Winter operation involves sucking up hot water at about 14ºC some of which is used
directly for preheating of ventilation air with the remaining water heated to 60ºC by heat
pumps for final heating of the ventilation air. The resulting cooled water is returned to the
cold wells. Summer operation is the reverse with cool water from the aquifer supplied
direct to a heat exchanger for the cooling coils and pre-cooling of the ventilation air. Thus
the temperatures in the wells are optimised over time and the efficiency of the system
increased.
Temperature sensors located around the building automatically operate the groundwater
pumps housed in the plant room (Illustration D.2.3). The flow is controlled by frequency
controlled variable speed motors. The plant room is surprisingly small, adding notionally to
the efficiency of the system. The ATES and
the interface with building systems is a
computer controlled operation designed by
AIB Consulting Engineers, the engineers for
the ATES. The operation is monitored by
AIB and fine tuned on an ongoing basis.
Some problems have been encountered with
hot water return with calcification and heavy
mineral deposits.
It is important to keep the system in balance to avoid heating up of the cold wells or
cooling down of the hot wells. Some systems relying on the same well/s for both hot and
cold water have had to be shut down when imbalances have developed. The hot and cold
well system not only minimises this risk, but also makes it possible to cool aquifer
seasonally in winter, although this has not yet been necessary. The distribution of the wells
was critical to ensure that they do not interfere with each other and that the zones of
influence remain separate.
Illustration D.2.3: SAS- plant room
Lighting
Daylight and direct solar gain are optimised in the design. All the offices have natural light
and a view. The glass atrium form of the pedestrian street provides light and natural
ventilation to the offices without an external aspect.
Windows with adjustable sun shading provide
good daylight to all offices and to the
pedestrian street which is supplemented by
daylighting and tasklighting (Illustration
D.2.4).
The offices are proportioned 3m wide x 4m
deep with windows on two sides, externally
facing the street or to the outside, and internally facing back towards the department. The
resulting ambience is light and spacious. Multipurpose workrooms obtain borrowed light
and views through the offices.
Indirect task lighting is used throughout the building to supplement daylighting. A range of
light fittings is provided allowing a choice to suit all conditions and individual preferences.
Adjustable sunshading and indirect task lighting ensure that reflection is not a problem
with data terminal screens. Lights are available from a central store where each person is
free to make their own lighting choices, likewise the placement of all lighting is up to the
individual. Fixed lighting for emergency purposes only. Indirect lamps are placed in the
atrium to reflect light onto the street and trees.
Performance
The building is deliberately designed to give environmental control and responsibility to
the users. Each department is given an energy budget to encourage low energy use.
80% of total energy requirement is supplied by the ATES system. The low energy system
gives back 7 times the energy put in. The payback period for the energy system was 4.3
years. Environmental monitoring is taken very seriously and there are concerns over the
potential environmental impact of ATES on natural aquifers. Every month the temperature
is measured at varying heights in observation wells to determine system operation and
Illustration D.2.4: SAS- openable windows and
integration of daylight
seasonal storage capacity. Chemical monitoring including measurement of ph and salinity
is undertaken regularly to ensure balance is maintained. The monitoring of observation
wells is plotted two to three times a year to determine operation. The government has
funded a research project to monitor and investigate ongoing operation of the system.
Space planning
Five 4-5 storey office wings are connected by an atrium pedestrian street planned to
provide a lively, open and stimulating work environment. The atrium pedestrian street is
the focus of circulation between office wings, amenities, and facilities. A full time street
manager is employed to organise street events including entertainment, concerts, theatre,
dance, lectures, exhibitions and trade promotions. The spaces are arranged in a hierarchical
fashion in terms of security. Employees access the building and particular office wings by
key card (Illustrations D.2.5). Visitors go to
the pedestrian street through reception where
passes are issued. This allows for freedom of
movement around the street and public spaces
without the need for additional security, and
access to office areas by authorised staff
without the need for reception or other
surveillance.
Each employee has a private office arranged
in groups of 20-35 around a multipurpose
shared space of 100-150m². The offices are
12m², with the exception of top management,
for flexibility and to ‘break down the
barriers’.
The multipurpose workrooms are designed to
foster teamwork and contain comfortable
chairs, kitchenette, meeting space, storage
space, circulation space, office equipment,
and desk space for temporary workers and
consultants (Illustration D.2.6). Individuals
select their furniture from a ‘kit of parts’ that
I
llustration D.2.5: SAS- entry
Illustration D.2.6: SAS- multi-purpose space
provides a high degree of flexibility for arrangement and re-arrangement as needs change.
Only limited stationery and office materials are stored in the multipurpose workrooms and
each employee can use their terminal to order direct from suppliers.
Services
Heat pumps supply all the domestic hot water at 60ºC. The electricity supply is by high
voltage to seven 220V transformers for distribution. The ducted cabling and floor outlets
provide for flexibility and individual control. There were no notable waste management
procedures aside from paper recycling.
Flexibility
The standardised office size provides cost effective rearrangement of groups and minimises
changes to services. The furniture designed to be adaptable to a variety of individual
requirements ensures that the relatively small offices could be used effectively. The
multipurpose workroom is adaptable to many uses including space for temporary workers,
special projects, reference materials, formal and informal meetings, lounging, display,
reception, shared resources, equipment, etc.
The integrated approach to lighting with individually controlled sunshading, high levels of
daylighting and individual selection and positioning of task lighting provides the most
flexibility of any of the case studies. The design of the services supported the
rearrangement of lighting, furniture and equipment. The site area, energy system and
plantroom include allowance for expansion.
Construction
The structure is precast concrete floor slabs supported by steel beams and columns. The
cladding is prefabricated composite panels with in situ concrete walls below ground. The
windows are double glazed and openable.
D.3 Case Study: Kristallen
Description 15 000 m low energy commercical office building under constructon
in Uppsala, Sweden as speculative development by Dios
SITE VISIT
Date Fri 18 Oct 91
Address Kristallen, Fastighets AB, Uppsala, SWEDEN
Guides Project Manager Kjell Isaksson
Architect Mr Gunnar Nordfeldt
Energy Engineer Poul Kristensen
BUILDING DATA
Construction period 1990-91
Gross Floor Space 15,813 m
Gross Car Parking 5,000 m (256 carparking spaces)
Net Lettable Area 14,955 m
No of lifts 7
Staff Amenities cafe, landscaped atrium space
CONSULTANTS
Property Development/
Project Mng't Dios Properties (Gunner Nordfeldt)
Architect Contekton arkitekter
Energy Engineering Esbensen Consulting Engineers (Poul Kristensen, Daylighting)
Main Contractor Dios Properties
Illustration D.3.5:
Kristallen- internal
lightweight construction
Illustration D.3.4:
Kristallen- internal elevation
Ventilation
Ventilation is through a combination of multi-positional openable windows and partially
conditioned ducted air. Recirculation of air was considered unhealthy; therefore 100%
fresh air is supplied at 3-5 air changes/minute.
Plants selection for the atrium was based on their
beneficial contribution to the indoor air quality.
The major internal tree was undertaken in the
beginning of the construction to attempt to
establish the trees and to commence the air
cleansing process as early as possible (Illustration
D.3.1).
Heating and cooling
The thermally massive external walls, concrete
floors and timber framed double glazed windows
work with the atrium to stabilise internal
temperature (Illustrations D.3.2-3). The atrium uses passive solar gain to provide an
insulating zone to the offices. The insulating qualities of the atrium allow internal walls to
be lightweight and of a lower U-value than the external walls, with a consequent cost
saving (Illustrations D.3.4-5).
The air-earth thermal exchange tunnel preheats and cools the fresh air intake. The one
metre diameter concrete tunnel is buried two metres below ground level. The concept was
too complicated to computer model with available programmes. However, the designers
are confident that there will be significant benefits as they have used a similar system on a
Illustration D.3.1: Kristallen- internal tree planting
Illustration D.3.3:
Kristallen- external facade
Illustration D.3.2:
Kristallen- model of
external facade
housing project. Supplementary heating is by
individually controlled hot water radiators located
under the windows. Heat exchange with the
exhaust air has 80-85% efficiency in reclaiming
waste heat for reuse by the system. The
ventilation system also provides night cooling to
the thermal mass and flushes the internal air.
Supplementary cooling is by convection cooling pipes located above the windows
(Illustration D.3.6).
Lighting
The atrium form increases daylight penetration to offices which have windows located
facing either the atrium or the outside. The windows are designed with sun shading and to
mainly reflect light onto the work plane giving 30% reduction of direct light. Indirect
artificial light is likewise reflected onto work plane. Lights are on a dimming system that
adjusts to daylight levels. The lighting design has a high level of individual control and
may provide 300 lux background lighting and 500 lux on the work plane.
Performance
An important part of the design concept was to keep the operation of the building simple so
that people could understand the systems and individuals could sensibly control their
conditions. A benefit of 1-2 ˚C was expected from the earth thermal exchange system.
This estimate was based on past experience, and the measured temperature of incoming
water supply as a design indicator which found more range than expected. There was
concern that there may be some risk of condensation.
Computer modelling using separate systems BRES and SUPERLITE indicated that there
may be overheating in the atrium. Shading devices ensure a 30-35% reduction of direct sun
on work plane which should encourage people to make greater use of daylighting in
preference to electric lighting.
Construction
The reinforced concrete frame and slab has cavity brick exterior walls and timber walls
facing the atrium.
Illustration D.3.6: Kristallen- cooling pipes
Resource management
The designers predicted a 10-12 year payback on dimming, reflection and daylight
innovations. Natural materials including timber, linoleum and brick, were selected on the
basis of research that indicates that many synthetic building materials have some toxic
effects, as well as the experience that people prefer the appearance and character of natural
materials. The design rationale, based on the belief that an improved indoor climate will
result in higher productivity, was an incentive for the developer. Therefore, high indoor air
quality was a primary consideration in design. Performance monitoring is planned by the
Swedish Council of Building Research.
Although the building will be on the high end of market, 12-15% more expensive than
average office space, the developers believed that the extra cost will be more than justified
by improved efficiency especially given that salaries are the main cost to most companies.
Space planning
The 6x6m structural grid is planned for 12m², 17.5 m² and 24m² offices on floors varying
in depth from 10-18m. Storage is in the interior zone. Access is designed to suit separate
tenancies of varying sizes.
Flexibility
Flexibility in space usage is accommodated to a degree by the standardisation of office
sizes allowing a variety of usage patterns with minimal partitioning costs.
Building Management Systems
The design approach was based on the experience, to a large degree, of the project manager
that intelligent buildings that require systems control are not reliable and that systems must
be controlled by the individuals who are affected by them.
Corporate attitude
The project manager firmly believed that the caring approach to design will pay off, not
only for the developer, but also for the occupiers. The design objective to reduce energy
use and to provide a good healthy indoor climate to all occupants is also one of the key
selling points.
D.4 Case Study: Byggeriets Realkredit Fond (BRF) Headquarters
Description 3 narrow atrium office wings linked to main square shaped building
with central atrium
SITE VISIT
Date Mon 21 Oct 91
Address Klampenborgvej 205, Lyngby, Denmark
Guides Daylighting Engineer Mr Poul E Kristensen
PROGRAMMING
Construction period completed 1986
BUILDING DATA
Gross Floor Space 19,620m² including circulation
Net Floor Area 10,112 m (52%)
No of storeys 3 storey atrium office blocks/4 storey overall
No of lifts 4 + service lift
No of staff 600
CONSULTANTS
Architect KHR A/S Architects & Planners (Gunnar Gundersen)
Consulting Engineers Birch & Krogbroe K/S (Jorgen K Andersen/Gunner Sorensen)
The Danish Ministry of Energy commissioned Casper Paludan-
muuller and Poul Kristensen of Esbenson Consulting Engineers to
investigate the building for an "Advanced Case Study" in relation to
TASK XI of the Solar Heating and Cooling Program under the
International Energy Agency (IEA)
Ventilation
The building is naturally ventilated through multi position windows and atrium vents. The
atrium vents are automatically controlled by the building management system, however
manual override is possible. The windows are opened as desired by the occupants of each
office area. Mechanical ventilation is only provided to meeting rooms, toilets, canteen and
the central computer facility.
Heating and cooling
A high level of insulation reduces the heating load. Mineral wool insulates between the
concrete facade elements and an external skin of brickwork, the windows are triple glazed
and the atrium is double glazed.
Space heating is by radiators with thermostats on each radiator adjustable by the occupants
of each office area. The hot water is supplied by a central natural gas boiler. There is no
mechanical cooling except to the cental computer facility. The high levels of insulation and
automatically controlled sunshading ensure comfort conditions are maintained. The
building management system operates the external blinds to the atriums, and, when the
building is not occupied, the external blinds to the windows.
Lighting
The atrium lights the circulation balconies and stairwells through the centre of the building.
The atrium has an 85% glazed area. Automatically controlled exterior blinds to the atrium
prevent overheating and glare.
The shading is controlled by an energy management system, connected to roof mounted
light sensors separate for each of four orientations of the atrium glazing. The switching is
determined by a model of predicted daylight penetration. Artificial light is controlled
separately on each floor to provide 50-100 lux in the corridors. The automatic sunshading
to the atrium has a manual override.
The office window sizes were determined to optimise daylight. The offices have
individually controlled motorised black louvre sunshading. The louvres may be tilted to
the desired angle and partially or completely raised. The sunshades and lighting are
automatically controlled when the building is not occupied. The finishes enhance daylight
penetration and reflection. The ceilings are painted white, the wall surfaces are off white
and the balcony siding is clear acrylic sheets. High efficiency fluorescent tubes are used
throughout the building. The lights are individually switched in offices. All lighting is
automatically turned off to between 6.15pm and 5.15am and provided with manual
override. The lighting switches on at 5.15 am for the cleaning staff.
Performance
Monitored internal gains are much less than those assumed in modelling. The computer
modelling is by DAYLITE. The experience is that in first 1-2 hours of the working day, the
temperature may be below comfort level at between 18-19 °C, but because of higher
activity level people don't seem to be uncomfortable.
Investigation of the building was undertaken by Esbensen, Consulting Engineers, as part of
TASK XI of the Solar Heating and Cooling Programme by the International Energy
Agency (IEA). The program is sponsored by the Danish Ministry of Energy and monitored
by the Thermal Insulation Laboratory, University of Denmark. A survey was undertaken as
part of the evaluation for TASK X1. Ten people were extensively questioned about the
daylighting features. Generally, the circulation spaces were perceived as very pleasant
spaces. There were no reports of problems with glare. The automatic operation of blind to
the office windows was intensely disliked. Although there is manual override of the
automatic system, the override was not permanent and eventually the system would take
control again. In response to the level of dissatisfaction, the control was changed to be
manual during work hours. The external blinds to the atriums are quite sensitive to changes
in light levels. Sudden changes in cloud cover which is common in the summer, activate
the blinds too frequently.
Significant energy savings were reported from daylight optimisation, natural ventilation,
and passive heating. The yearly energy savings resulting from daylighting were about 52%
on the first floor, 71% on the second floor and 80% on the third floor.
Acoustics
Perforated metal ceilings are used to reduce noise levels. The timber flooring in the central
corridors is considered noisy around the office areas.
Services.
A central gas fired boiler provides hot water for heating.
Construction
The structural grid is 6x6 m and the planning grid for offices is 1.5m. The building has a
prefabricated concrete structural frame and facade. An external skin of brickwork has been
applied to the facade.
Space planning
The administration block has a square plan form and central atrium. Visitor and staff
access is through a reception area in the administration block. Staff admission is by a photo
identity card.
The office buildings are rectilinear with offices either side of a central void flanked by
corridors. The central atrium circulation spaces have an open and friendly feel. The
ground floor circulation space is used for file storage, and although not originally planned,
it works well. There are views at ends of the corridors which provides some visual relief
from this otherwise internal space. The office areas can be subdivided to suit various
layouts of individual and shared offices. There are views from each office area.
Flexibility
The office wings can easily be subdivided into rooms of varying sizes all with daylight.
Flexibility in the operation of the shading system is provided by the adjustable venetian
style external blinds, provision is made for manual override to all automatic operations.
The multi positional windows are openable and highly adjustable from fully open to a
marginal crack. The heating is individually controlled.
D.5 Case Study: Colonia Insurance Company
Building
Description Low energy office development divided into clusters of atrium office
blocks focused on a central courtyard,
reception/administration/corporate building.
SITE VISIT
Date Wed 23 Oct
Address Colonia Allee 10-20, 5000 KOLN 80
Guides Chief of Facilities Management Mr Schurer
Colonia Ms Seiffert/Mr Barbender
Engineer Mr Lemke, Schmidt-Reuter
PROGRAMMING
Design period: commenced 1979
Construction period: completed 1984
BUILDING DATA
Site area:
Gross Floor Space: 70,000m2
Car Parking: 200 spaces
No of staff: 1,800
Staff Amenities: 1 restaurant, 3 cafes, multipurpose/s ports hall
Facilities: conference centre, visitors flats, caretakers house
CONSULTANTS
Project Management Drees & Sommer (Hans Sommer, Reinart Dietrich)
Architect BHLM Architekten und Stadtplaner Beucker Haider (Thomas
Beucker)
Project Architects Thomas Beucker, Jochen Haider, Eberhard Langhamer
Site Management ARGE Tillyard, Held & Partner (Artur Held)
Services Engineer Schmidt-Reuter
Electrical Services HL-Technik
Structural Engineer Eugen Pirlet
Lighting Christian Bartenbach
Acoustics Institut fur Bauphysik, Zeller & Partner
Interiors Quickborner Team (Werner Lindlahr)
Landscape Architects Georg Penker
Facilities Management Colonia Insurance(Mr Schruer)
Ventilation
The organisational philosophy relating higher productivity to a healthy work environment
drove certain design decisions. Consequently, natural ventilation and 100% fresh air to the
air conditioning system and the location of the fume exhaust to the main kitchen were
considerations of atmospheric hygiene. Ensuring that people have a high level of control
over their environment was also of paramount importance.
The location of communal spaces including
multi-purpose rooms for meetings and group
work, kitchens and staff areas, and photocopy
and equipment rooms is around the atrium
(Illustrations D.5.1). This spatial hierarchy
ensures that everyone has a view to the
outside and access to natural ventilation from
their work area or office. Another advantage
is that much of the communal space is open to the atrium which contributes to a lively
feeling and easy interaction between floors.
The window design was developed through extensive modelling to meet the objectives for
light, views, ventilation, and individual control. The openable, double glazed, multi
positional windows divide into three parts
with the top third openable for cleaning, the
middle openable for fresh air and the bottom
section fixed with openable vents for fresh air
intake when the mechanical systems are
operable (Illustrations D.5.2-3). These vents
are designed to operate without disruption to
mechanical supply or the creation draughts.
Heating and cooling
Direct interaction with the thermal systems by the users links the operation of the hot water
radiators and mechanical and natural ventilation. Two lights installed next to the windows
indicate when the air conditioning system is in use and when windows should be opened.
The Facilities Manager initially determines the operation of the air conditioning system and
hot water radiators, however further control is at the supply point of the air conditioning
Illustration D.5.1: Colonia- atrium
Illustration D.5.2: Colonia-
typical window
Illustration D.5.3: Colonia-
window operation
and at each radiator. This allows individual adjustment to suit specific conditions and
preferences.
People are encouraged to open windows when outdoor temperatures are appropriate and
the wind speed is less than 4m/sec. The acceptable wind speed was determined to maintain
draught free conditions in the room of 0.20-0.50 m/sec. People are encouraged to close the
windows when outside temperature is above 22 C˚ and air conditioning becomes
operational and when outside temperature is below 13C˚. Automatic sunshades, fitted to
the windows, have a manual override. The sun shading is set to revert to automatic
operation after half an hour.
An air conditioning system of 100% fresh air supplies three air changes per hour with no
recirculation. The decision to use 100% fresh air with no recirculation of air was for health
reasons to minimise toxic contaminates, dust, etc. The single
duct system uses laminar flow and natural convection
distribution, and has variable volume and direction. Low
temperature hot water radiators with individual thermostatic
control provide heating. Air supply is by ducts in the access
floor system, and each small induction outlet that may be turned
on or off is controllable for variable speed and direction. Each
workstation or office has an outlet and its operation is up to the
individual (Illustrations D.5.4). Humidity is monitored and
controlled at a minimum of 35-40%.
Floor supply laminar flow was considered important for comfort to ensure that people don't
feel the difference to natural ventilation or like air is blowing at them. Tests during design
development demonstrated that a smoker is noticeable for radius of 2m with a laminar flow
system, but this extended to a radius to 10m with other systems. Laminar flow from floor
was considered to be healthier than air distributed from ceiling, as dust, contaminants, etc
are not pushed down on people as happens with ceiling supply. Floor distribution of
cooling is also more efficient as internal heat loads above 1.8m do not affect temperatures
within the occupied zone. The internal partitioning has open lattice above door head height
and some just above floor level to assist natural ventilation. However, the Services
Engineers believed that air flow would be improved if more low level openings were
I
llustration D.5.4: Colonia- floor
vent, partitioning and lighting
systems
introduced. As the opportunity arises through the need for repartitioning space, the
facilities manager was introducing more low level openings to improve natural ventilation.
Heat reclaim is from return air and from the chillers that continue to provide air
conditioning to the computer room during some of the winter. The low temperature hot
water radiators use the reclaimed heat. The heat reclaim system from exhausted ventilation
air uses a heat wheel to transfer heat to the supply air. The system is 70% efficiency and 3
year payback. The basis of the building management system is a life cycle approach. For
example, the cost of optimising the system is compared to the energy cost over time.
Lighting
Integration of daylight and task lighting provides a very flexible lighting system with a high
degree of individual control. There is daylight to all office areas from the outside and to
multipurpose group spaces from the atrium. The ceiling mounted task lighting is easy to
redirect or relocate as required. Light sensors monitor light levels in the perimeter, central,
and internal zones for adjustment of background lighting.
Building Management System
The Building management system controls plant operation, lighting, sun shading, window
information system, fire protection and all maintenance materials, such as air conditioning
filters, which are logged into the computer for automatic ordering from suppliers, often
direct to their computer systems.
The computer controlled building management system uses modelling and interpretation
based on monitored information. The location of monitors of the outdoor temperature,
wind and light (in all directions) is on the roof and internally on the ground and second
floors. As much information and measurement as possible is needed to make best
judgements on optimisation of the system. The information is used to optimise the
electricity and water consumption as well as control of temperature and humidity. This
fine tuning has dramatically increased the energy efficiency of the building. Electricity
supply operates on a peak system optimised by the building management system.
Water monitoring is particularly important as water is expensive and the cooling tower uses
a lot of water. Monitoring of water consumption to optimise use combined with water
conservation measures have significantly reduced water charges about 40% from 1984 to
1990. The facility manager believes that the building should have been designed to collect
rainwater.
The design of the Building Management system recognised the need to accommodate
change. Practice in use of the system was considered essential to generating new ideas for
its development and optimisation.
Construction
The structure of the office blocks is simple, comprising cavity brick walls and reinforced
concrete floor slabs.
Space planning
Administration, staff amenities and four
storey office blocks are clustered around a
central courtyard that provides a landscape
focus and secure access to each building
(Illustration D.5.6). Varied entry details,
landscaping and colour schemes provide
unique identification to the standardised
design of the office blocks.
The planning grid accommodates individual
offices and small groups in shared office
space, all with good daylight and views to
outside. Office areas cluster around shared
spaces that have an outlook to the atrium.
The atrium is the focus and source of daylight
for the shared spaces that include the meeting
areas, kitchenettes, lounges, photocopy and
equipment areas, and circulation space. The extensive use of plants in internal atriums is to
improve air quality and to provide a distinct character to each atrium (Illustration D.5.7).
The central courtyard provides secure access to each building. Staff and visitor access is
through a reception area in the administration building. All circulation between buildings
Illustration D.5.6: Colonia- central courtyard
Illustration D.5.7: Colonia- atrium planting
is external through the central secure courtyard. Heated walkways make this transition
comfortable and low maintenance.
Flexibility
The energy management system is able to be altered and optimised, but still retains a high
level of individual control. The floor distribution of air is an easy system to control and
alter which is particularly important in areas accommodating computer terminals.
Access flooring, task lighting, and a flexible partitioning system allow easy and economic
changes to the layout of work areas, partitions and services, including air conditioning,
with little disruption. Underfloor electrical outlets provide flexibility for organisational
and individual rearrangement of the space.
D.6 Case Study: Zublin-Haus
Description 2 narrow office wings connected by large atrium courtyard.
SITE VISIT
Date Fri 25 Oct 91
Address Zublin-Haus, Stuttgart, GERMANY
Guides Facility Manager Mr Bierlie ()
Energy Engineer (daylighting) Hans Erhorn, Frauenhofer-Institut
for Bauphysik
IEA building study author Micheal Szerman
PROGRAMMING
Design period commenced 1983 (fast tracked)
Construction period 7 Mar 1983-14 Dec 1984
BUILDING DATA
Gross Office Space 21,736 m²
Gross Floor Space 23,178 m² (including hall 1 442 m²)
Gross Car Parking 3,916 m²
Net Floor Area
No of storeys 7 + rooftop plant + 2 basement carparking
No of lifts 7
No of staff 700
Staff Amenities atrium hall, canteen, conference facilities
CONSULTANTS
Client/User/Builder FDZ-Grundstucksverwaltungs GmbH & Co KG Munich/Ed Zublin
AG Stuttgart
Architect Prof Gottfried Bohm (Cologne)
Construction Engineering Ed Zublin AG Stuttgart
Services Engineering Ed Zublin AG Stuttgart
Landscape Architects
Main Contractor Ed Zublin AG Stuttgart
Facilities Management Ed Zublin AG Stuttgart (Mr Bierlie)
Ventilation
Ventilation is 100% fresh air supplied by manual opening of the windows and assisted by
the stack effect of the atrium. The atrium is ventilated by automatic operation of the inlet
flaps in the gable ends combined with roof outlets along the ridge and at the base of the
roof. The 60 roof outlets are pneumatically controlled and act as smoke vents as well as for
ventilation outlets to assist the stack effect.
Ventilation to the offices is multi positional windows opening to the atrium or outside. The
design was based on the experience that people appreciate control over their environment
even if opening window only makes change of 1˚C or no change.
Heating and cooling
The building is not air conditioned with the exception of the executive offices on top floor
which are most vulnerable to heat build up from the atrium and floors below.
The atrium is single glazed and unheated. The atrium provides weather protection to the
circulation and exhibition space between the office buildings, and acts as a buffer,
mediating the climate, to the adjacent offices (Illustration D.6.1).
A high level of insulation was provided
including double glazed timber framed
windows. Heating is by individually
controlled hot water radiators. The atrium
roof is unshaded. Sun control to offices is by
shade cloth type mesh blinds to each window.
The shades are individually adjustable.
Lighting
Every room has daylighting from either the outside or atrium. The sun shading provides
control of glare. A typical office has fluorescent lighting sufficient to provide 500 lux. The
occupants take responsibility for switching lights according to available daylight and needs.
Illustration D.6.1: Zublin Haus- atrium
Performance
The thermal performance and daylighting do not cause any problems for occupants.
Overheating of the atrium space was predicted during design, however this has not been a
problem.
The Fraunhofer Institute of Building Physics monitored the daylight levels, lamp usage and
switching to study the use of artificial lighting by the office occupants. The study found
that the lights are turned on only 60-65% of work day due to high level of daylight. The
switching behaviour indicated that most people turned their lights on in the morning and
off at lunch, and turned lights back on as daylight levels decreased. However, most people
did not turn lights off when daylight levels increased during the morning. The Fraunhofer
Institute of Building Physics predicted that light usage would be significantly decreased if
lights were automatically switched off at a particular time of day, eg 10am.
Services
Hot water supply is by heat pumps to warm air exhaust with back up by a gas boiler.
Construction
The structural grid for the atrium is 2.4m. The office wings are based on a 7.2 m structural
grid and a 1.2 m longitudinal planning grid. The construction comprises structural precast
reinforced concrete elements including the
facade support columns, internal support
columns, facade panels and L-shaped beam
and slab system (Illustration D.6.2). The
corridor floors are in situ concrete.
The logical detailing and strong expression of
the structure presents a refreshing aesthetic.
The use of structural precast concrete
incorporates the use of colour to further provide express the elements and their function.
The atrium structure is a reinforced concrete portal frame with steel purlins carrying the
puttyless roof glazing system.
Illustration D.6.2: Zublin Haus- structural precast
concrete system
Space planning
Two seven storey office wings flank an atrium
containing the main circulation elements and
ground floor space used for functions and
exhibitions. The offices face either the outside or
the atrium and are connected by a corridor which is
lined with built in storage cupboards. All floors of
each offices wing are connected by walkways
across the atrium between the six core areas
(Illustration D.6.3). The atrium space is used for
exhibitions, cultural events and functions, and has
a permanent stage and good acoustics suitable for
dancing, concerts, and opera. Zublin Haus has
become a popular venue for community events and performances. Visitor and staff entry is
through reception on the ground floor.
Flexibility
The narrow building form and demountable partitioning allow changes to floor layout.
The natural ventilation through openable windows and separately switched lights allow
staff to adjust the conditions to suit individual requirements.
Illustration D.6.3: Zublin Haus- atrium walkways
D.7 Case Study: NMB Bank Headquarters
Description 10 office towers ranging from 2-6 storeys interconnected by bridge
links.
SITE VISIT
Date Wed 30 Oct 91/Thu 31 Oct 91
Address NMB Bank, De Amsterdam, Poort,
1102 Mg Amsterdam Zuidoost, HOLLAND
Guides Facilities Manager RJ Vader
Engineers Technisch Adviesbureau Treffers
en Partners
PROGRAMMING
Design period
Construction period 1983-87
BUILDING DATA
Site area 43,500 m²
Built area 29,000 m²
Gross Office Space 50,000 m²
Gross Floor Space 78,000 m²
(including car parking)
Gross Car Parking 28,000m m²
Net Floor Area 48,000 m²
No of staff 2,000
No of lifts 21
Staff Amenities 4 restaurants, 1 snackbar
CONSULTANTS
Property Devlpmt/Mngt Maatschappij voor Bedrijfsobjecten
Architect Architectenbureau Alberts and Van Hutt (Ton Alberts)
Construction Engineering Raadhevemt Ingenieursbureau, Aronsohn
Mechanical Engineering Technisch Adviesbureau Treffers en Partners
Electrical Engineering GTI Haarlem
Acoustics Akfoestisch Aviesbureau Peutz
Interiors Billing Peters Ruff, Stuttgart
Landscape Architects Copijn Groedadviseurs
Main Contractor Voormolen-Heijmans-IBC
Mechanical Engineering ULC Groep
Electrical Engineering GTI Haarlem
Interiors Lems vd Ven
Ventilation
Ventilation is through a combination of openable windows, a fresh air ventilation system
and recirculation of some return air in the winter when conditions are extreme (Illustration
D.7.1).
Openable windows were considered
important for individual control of conditions
and atmospheric hygiene, desired by the staff,
and in the final design required by building
code to ensure acceptable ventilation rates.
All work places are within 7m from a
window which ensures good cross
ventilation, daylight penetration and views.
Fresh air at 25m³/person per hour is supplied
from back of room at a very low velocity
through a linear ceiling slot. Although most
return air is exhausted through a heat
exchanger, there is the facility for
recirculation.
Heating and cooling
The building is designed to react slowly to external temperature changes. The thermally
massive insulated double skin cavity walls, reinforced concrete floors, and double glazed
windows stabilise internal temperatures.
The segmented building form reduces the
impact of the wind and thereby reduces heat
loss. Additionally, the clusters form sheltered
courtyards which combined with tree planting
contribute to summer cooling .
The atriums at the core of the towers are
angled to optimise daylight and passive solar
Illustration D.7.1: ING - windows
Illustration D.7.2: ING - atrium
gain (Illustration D.7.2). Sun shading to the
atrium controls heat gain. Heat is reclaimed
from the atriums for either distribution to the
offices or transfer to a heat wheel. Each office
tower contains a roof top plant for the supply
of solar assisted ventilation air (Illustration
D.7.3). In the heating mode fresh air is
supplied through a solar air collector and then passed by the large ceramic heat wheel
before final heating by a boiler if required.
Hot water radiators in the work areas allow individual control of personal space. The
enclosed walkways connecting the office towers are heated by leaked air from the offices.
Waste heat from the gas turbine generators provide the supplementary heat required for
ventilation, hot water radiators and absorption chillers. The waste heat is stored in four
insulated 25,000 litre hot water tanks underneath the building. A central gas boiler is on
standby for emergencies and unusually cold conditions.
There is no air-conditioning or automatic climate control to offices. Night cooling lowers
the temperature of the thermal mass and internal spaces. The windows are shaded with
external blinds that operate automatically according to the external temperatures and with
manual override. The ventilation air is cooled, when required, by absorption chillers using
waste heat from the electricity generation.
Rainwater, collected for use in the water recycling system, is used for conditioning the air.
Humidification and oxygenation of the air provided by a system of water features linked
throughout the building (Illustration D.7.4). The water is cleansed by recirculation through
an external series of swales, sedimentation ponds, reed beds, waterfalls and flow forms
(Illustration D.7.5). Selection of the internal planting also relates to the potential health
benefits of vegetation for cleansing and oxygenating the air.
Illustration D.7.4: ING - indoor water feature Illustration D.7.5: ING – water treatment
Illustration D.7.3: NMB- solar air collectors
Lighting
Daylight provides sufficient light at least 500 lux for about 80% of the working hours.
This has resulted in energy savings estimated at 90% for lighting.
The building orientation, depth of office space, atrium, and window design were optimised
for daylight. The relatively high and narrow window proportions and the design of the top
third of the window incorporating louvres to deflect the light onto the ceiling aids daylight
penetration. Solar blinds are provided to the lower two-thirds of the window only. The
windows, making up 25% of exterior wall surface, were determined as the optimum
balance between heat loss and light admission.
Most lighting is from specially designed
fittings which provide diffuse up and down
light (Illustration D.7.6). Overall ceiling
lighting is reduced to a minimum, and each
work station has task lighting. The lights
close to the windows are automatically
switched off when daylight is sufficient. The
colour of ceilings and walls maximises the
use of daylighting.
Acoustics
The plan form was segmented to reduce resonance of nearby traffic noise. The walls were
inclined to reflect the road noise, as well as increase solar access.
Performance
At the time of the visit ING claimed the lowest rate of energy consumption in the world.
The TNO evaluated the primary energy used per square metre of floor space and
determined yearly consumption of 111kWh/m² (Holdsworth, 1989, p.13).
The yearly energy consumption of the ING’s former headquarters reached 1320kWh/m² in
1985 (Holdsworth, 1989, p.12). Various options for energy supply were investigated. The
use of two gas turbines and two transformers in parallel with mains for electrical supply
combined with total heat reclamation was determined as the most cost effective solution.
The energy requirements have been considerably less than predicted.
Illustration D.7.6: ING- public area lighting
During design, neighbouring developments were offered excess waste heat from the
electricity generation system, but no one took up the offer. At the time this was attributed
to a lack of confidence in the design; however the available excess heat has proven to be
quite substantial.
Services
Electricity is generated on site by two gas turbines with two transformers. The cogeneration
system is designed to supply 100% of the electricity demand for the computer centre and
60% of the headquarters building and backed up by mains supply when required. Waste
heat is collected for the heating and cooling of the building. There is waste heat available in
excess of the demand.
The pedestrian street is the primary cabling distributor. Electricity and data are distributed
through the ceiling and power poles are used to supply most work areas.
Rainwater is collected from the roofs and reused for watering the indoor plants and in
water features.
Construction
The structure is precast concrete that was designed to allow an economic use of a limited
range of components to be assembled in various forms. The walls were designed for
utilisation of the thermal mass and comprise a brick outer skin, 30mm air gap, 100mm
insulation, and 180mm internal precast concrete walls. The thin, handmade bricks give a
fine grain texture to the external skin.
The double glazed, metal framed windows have a thermal break in the frame. The thermal
break is carried through in the design of insulated inner and outer lintels and window
linings.
Materials selection was based on environmental factors. For example brick and reinforced
concrete were considered to have relatively low embodied energy content. Natural
materials were used in areas close to people.
Space planning
The plan form evolved from consideration of energy efficiency and the human aspects of
functional requirements of the organisation. The tower form allows spaces to be arranged
for individual offices, small groups of up to
eight and large groups of up to forty
(Illustration D.7.7). Work spaces are always
within 7m of windows.
The office towers are linked at ground level
by series of walkways between stairs
positioned in atrium courtyards central to
each tower (Illustrations D.7.8-9). Circulation
throughout the building is clearly defined and
direct avoiding any thoroughfare of working
areas. The route is lively providing access to
shared facilities and with changing colour
schemes and architectural detailing defining
each tower zone. The base of the towers
provides for small groups to meet (Illustration
D.7.10). Shared facilities include reception
area, restaurants, travel desk, library,
auditorium and conference rooms. Access to
the building is controlled by reception and
card entry to office floors.
Illustration D.7.10: ING- base of tower
Illustration D.7.7: ING- model of work areas
Illustration D.7.8: ING- stairs Illustration D.7.9: ING- walkways
Each atrium courtyard and related walkway
segment and office tower is varied in design
detail, colour scheme and landscaping. The
building is an artwork of detailing
incorporating sculptural stairways, water
features, stained glass, hanging gardens and
may other individual features that break down
any sense of repetition that one may expect
from a precast concrete structure (Illustration
D.7.11).
Flexibility
The clusters of towers each with relatively small floor areas with discrete access allow
flexibility for the organisation of different teams. The floors can be arranged to suit the
variable team requirements for individual offices, group space, storage, equipment, without
isolating people from light and views. Modular furniture, task lighting and demountable
partitioning add to the flexibility of the floor layout.
Individual control over lighting, ventilation and heating provide opportunities for
personalisation of the work place and contribute to the overall flexibility of the space.
Illustration D.7.11: ING- stained glass artwork
D.8 Case Study: Gateway 2, Headquarters
Building,Wiggins Teape
Description New Wiggins Teape head office comprising office wings
surrounding an atrium courtyard containing lifts, bridgeways and
stairs.
SITE VISIT
Date Thu 17 Nov 91
Address Eastrop Business Estate, Basingstoke, Hampshire, UNITED
KINGDOM
Guides Facilities Manager Ray Furneaux, Wiggins Teape Ltd
Architects/Engineers Peter Warburton, Ove Arup Associates
PROGRAMMING
Design period: 1980-81
Construction period: Completed 1982
Handover: Fitted out and occupied 1983
BUILDING DATA
Gross Floor Space: 14,840m²
Net Floor Area: 10,400 m2
No of storeys: 5 (basement carparking)
No of lifts: 4
No of staff: 450 current (has accommodated 700 - too many)
Staff Amenities: Canteen
CONSULTANTS
Architect Arup Associates, London
Services Engineering Arup Associates, London
Quantity Surveyors Arup Associates, London
Facilities Management John Spurgeon, Engineer, Wiggin’s Teape
Monitoring Databuild, EPA Project
Ventilation
Ventilation is 100% fresh air supplied by manual opening of external windows and louvre
windows to the atrium (Illustration D.8.1). The atrium assists ventilation through the
openable windows by the stack effect. The large
central atrium has vents to 20-25% of the roof
area. The atrium roof required 10% opening for
smoke exhaust and modelling predicted the
optimum opening for ventilation at 13%. The
opening of the atrium is determined by the building
engineer in relation to internal and outdoor
conditions. The building management system
notifies the building engineer when to consider
opening the vents. Opening was not made an
automatic operation, as there was a lack confidence
in the reliability of water detectors.
The other factors affecting ventilation are the
opening of external windows, the extent of internal
partitioning, and the opening of windows to the
atrium. Opening of windows in office areas is
controlled by majority rule. A set of guidelines
governs the alteration of internal partitioning to
ensure that cross ventilation is not obstructed by
more than 50%.
The external windows are top hung outward
opening with a maximum slot width of 250mm.
The window selection was based on the client
requirement for security and to minimise draughts
close to the external windows. The windows to the
atrium are louvres to allow maximum opening
(Illustration D.8.2).
Illustration D.8.1: Gateway 2- atrium
Illustration D.8.2: Gateway 2- louvres to atrium
Heating and cooling
Passive solar gain contributes to heating the building and the ribbed ceiling acts as heat
sink to stabilise temperature. The temperature is further stabilised by the large central
atrium.
Thermal mass is provided by the precast concrete floor system with an exposed concrete
ribbed ceiling (Illustration D.8.3). This
structure has a large exposed surface area
with a high admittance to stabilise the thermal
performance of the space. The windows and
the glazed atrium are shaded. A walkway
structure around the building serves for
external shading and access to the windows
for cleaning.
Summer cooling is by air movement through the building promoted by solar gain in the
atrium creating a stack effect drawing air through the openable windows. In the summer the
temperature in the atrium reaches 21-22ºC when the sun is out.
Winter heating is by hot water radiators on the perimeter of the office walls under the
windows and underfloor heating coils to the perimeter of the atrium. The building is sub-
divided into 20 zones each controlled by a two-way thermostatic valve. Each radiator is
also fitted with individual thermostatic valves. A low temperature underfloor heating
system supplements passive solar heating in the atrium and keeps the temperature in the
atrium above 15˚C generally and up to 18-19˚C. The Computer room and cafeteria are air-
conditioned. Heat reclaimed from the chillers is used for floor heating of the atrium in
winter and heating of domestic hot water in summer.
The building management system is 'Satchwell, Bas 700 Series'. The system determines
opening positions for atrium vents, lighting control and boiler operation and produces
history reports for each area. It is a relatively old and simple system, but was considered
quite adequate for the building.
Illustration D.8.3: Gateway 2- precast concrete ceiling
Lighting
Daylighting is from the perimeter windows to the outside and the atrium. The artificial
lighting is fluorescent tubes integrated with the ceiling system in troughs. The lighting
automatically switches off at 8.15, 10.30, 12.30 and 20.00 hours, but can be manually
overridden by individual pull cord operated switches. There are some problems with access
to lighting fixtures in office areas.
Performance
The staff complain that in winter, some areas have reduced oxygen levels. The facility
manager also believes that some areas, particularly on the upper floors, have not met the
guidelines for partitioning causing slightly hot and stuffy conditions for about 10-12 days
in a typical summer. The upper floors are not only more vulnerable to overheating due to
heat rising from the lower levels and higher solar gain through the roof, but also contain a
predominance of individual offices for senior management.
The evaluation by Databuild determined that the summer operation worked well and that
the high thermal mass of the floor structure was the most significant factor influencing the
temperature conditions. Winter temperatures were found to be adequate for comfort;
however, ventilation rates were minimal, and fairly high concentrations of carbon dioxide
were found in some of the offices (Trollope et al, 1991).
The assessment concludes that the main problem with winter ventilation was that people
sitting adjacent to external windows could not relied upon to open the windows due to
draughts. The obstruction of air flow by partitioning beyond the recommended guidelines,
particularly around the atrium and largely due to an increased number of private offices,
also contributed to the problem.
The designers believed that there would be a great improvement in summer conditions if
night cooling could be introduced by leaving the windows fractionally open at night.
However, Wiggins Teape was reluctant to allow the windows to be left open. Some
mechanical cooling was been introduced to the upper level after a few years.
The construction cost was comparable to a typical low budget speculative office building
(Willoughby, 1989). The natural ventilation system contributed to capital cost savings due
to direct savings in plant and ductwork and reduced floor to ceiling heights.
Services
Three gas fired modular boilers feed the five main circuits supplying variable temperature
hot water to different areas of the building. Uninterrupted power supply is provided by two
diesel generator, one for computers and one for selected areas of the remainder of building.
Construction
The 7.5sqm planning grid relates to the modular structural floor and ceiling system. The
structure is concrete with glazed curtain wall infill. The atrium roof is double glazed, but
the windows are single glazed. The insulation to the roof, walls, and to the concrete slab
over the carpark is 150mm mineral wool.
Space planning
The five storey office wings wrap around an atrium containing the main circulation
elements. The atrium comes alive as the heart of the building with people trafficking the
bridges, lifts, and stairs. The atrium has developed as a social space and is used as a venue
for a variety of functions including staff parties, dances, and shows.
The partially treated atrium space is detailed differently to the office space with a higher
degree of environmental control. The structure and architectural detailing are more robust
reflecting the outdoor qualities of the space. The 13.5m deep office space allows for a mix
of open plan and individual offices.
Flexibility
The 250mm high access floor is constructed of chipboard, not tiles, for economy. The
main electrical supply runs down the central area of the access panels every 1.5m with
holes cut in the floor for electrical supply as required. The partitioning system is easily
relocatable and arranged according to the rules established for natural ventilation. Natural
ventilation through openable windows and separately switched lights allows staff to adjust
conditions to suit individual requirements.
Thurgoona campus: Project Team Appendix E
Major Building
Projects
Teaching Complex School of Environmental & Information
Sciences
Builder Colin Joss & Co Pty Ltd Hilton Saunders/André van Egmond/Mark
Orton (CSU)
User Committee (key
participants)
Terry De Lacy, Brian Lord, Nic Klomp, David
Mitchell, Ian Lund, Michael Lockhardt, Dirk
Spennemann, Lesley Montefort, Jonathon
Howard, Ben Wilson
Project Architect Marci Webster-Mannison, Office of
Design (CSU)
Marci Webster-Mannison, Office of Design
(CSU)
Design Architects Marci Webster-Mannison assisted by
Chris McInerney and Christopher
Nesakumar, Office of Design (CSU)
Marci Webster-Mannison assisted by Chris
McInerney, Office of Design (CSU)
Architectural
Documentation
Chris Nesakumar and Garry Crichton,
Office of Design (CSU)
SJPH Partnership Design and Chris
McInerney/Andrew Mathers, Office of Design
(CSU)
Structural and Civil
consultant
David Sharp, Belvoir Consulting Scott Wilson Irwin Johnson (Structural)
Esler & Associates (Civil)
Ramed earth
contractor
Pat Gallahger, Inform Constructions Ric Lindsay, Earth Structures
Hydraulics
- consultant
- contractor
Grant Potter, ÂCOR Consultants
Gary Tonkin Plumbing
Gary Tonkin Plumbing / Esler & Associates
Gary Tonkin Plumbing
Composting Toilets Margie Edmunds, Clivus Multrum Margie Edmunds, Clivus Multrum
Electrical
- consultant
- contractor
Robert Pill Peter Reedy, Lincolne Scott
Denis Ritchie
Thermal modelling Ché Wall, Advanced Environmental Concepts Ché Wall, Advanced Environmental Concepts
Mechanical consultant Branco Boilers and Engineering Chris Arkins, Lincolne Scott
Mechanical contractor Branco Boilers and Engineering Branco Boilers and Engineering
Acoustics consultant Andrew Marsh, Escape Consulting
Water management
consultant
David Mitchell, Charles Sturt University David Mitchell, Charles Sturt University
Communications
consultant
Phil Roy, Charles Sturt University Phil Roy, Charles Sturt University
Photography Karen Donnelly, Tim Rowston Charles
Sturt University (2000 awards)
Derek Swalwell (2001 awards)
Karen Donnelly, Tim Rowston Charles Sturt
University (2000 awards)
Derek Swalwell (2001 awards)
User Committee (key
participants)
Prof Nicholas Klomp, Dr Ben Wilson,
Yalmambirra, Assoc Prof Dirk
Spennemann Kim Alexander, Jonathon
Howard, Leslie Montefort, Dr Rob Stocker
Terry DeLacy, Brian Lord, Prof Nicholas
Klomp, Rick Allen, Michael Lockwood, Leslie
Montefort, Dr Rob Stocker, Liz Chubb, Kim
Alexander, Prof Allan Curtis, Kylie Kent, Neil
Lipscombe Assoc Prof Ian Lunt, Dr David
Mitchell
Major Civil Projects Stage One Stage Two
Project Architect Marci Webster-Mannison
Charles Sturt University (Office of Design)
Marci Webster-Mannison, Charles Sturt
University (Office of Design)
Civil consultant
/surveyors
Esler & Associates Esler & Associates
Civil contractor Delaney A. P. & Company
Water management
consultant
David Mitchell, Charles Sturt University
(stormwater)
David Mitchell, Charles Sturt University
(greywater)
Hydraulics consultant Land and Water Conservation
(stormwater)
Land and Water Conservation (greywater)
Water Systems
contractor
Land and Water Conservation
(stormwater)
Land and Water Conservation in association
with Gary Tonkin Plumbing (greywater)
Communications
consultant
Phil Sefton, Charles Sturt University
(Fibre Optic backbone)
Phil Sefton, Charles Sturt University (Network
Hub)
Climate Data: Albury-Wodonga Appendix F
(Bureau of Meteorology, 2003)
Monitored Data: 24 February-19 July 2001 Appendix G
Select data downloaded by Tim Raynor for Ché Wall.
Note column headings:
Time
Outside Air Temperature
GF- North East
GF- North East
GF- North West
FF- North East
FF- North West
GF- South West
FF- South East
FF- South West
Average Temperature (°C)
Saturday 24 February 2001
Time Outside Air GF- North EGF- North EGF- North WFF- North EFF- North WGF- South WFF- South EFF- South WAverage Te
0:00:00 24.076 26.249 25.969 27.649 26.809 25.969 25.129 27.649 26.809 26.412
0:15:00 23.545 26.249 25.969 27.649 26.809 24.849 25.129 27.649 26.809 26.412
0:30:00 23.191 26.249 25.969 27.649 26.809 24.849 25.129 27.649 26.809 26.412
0:45:00 23.102 26.249 25.969 27.649 26.809 24.849 25.129 27.649 26.809 26.412
1:00:00 23.014 26.249 25.969 27.649 26.809 24.849 25.129 27.649 26.809 26.412
1:15:00 22.836 26.249 25.969 27.649 26.809 24.849 25.129 27.649 26.809 26.412
1:30:00 21.509 26.249 25.969 27.649 26.809 24.849 25.129 26.529 26.809 26.132
1:45:00 21.42 26.249 24.849 27.649 26.809 24.849 24.009 26.529 26.809 26.051
2:00:00 21.332 25.269 24.849 27.649 26.809 24.849 24.009 26.529 26.809 26.051
2:15:00 21.155 25.269 24.849 27.649 26.809 24.849 24.009 26.529 26.809 26.051
2:30:00 21.066 25.269 24.849 27.649 26.809 24.849 24.009 26.529 26.809 26.051
2:45:00 20.889 25.269 24.849 27.649 26.809 24.849 24.009 26.529 26.809 25.957
3:00:00 20.801 25.269 24.849 27.649 26.809 24.849 24.009 26.529 26.809 25.864
3:15:00 21.066 25.269 24.849 27.649 26.809 24.849 24.009 26.529 26.809 25.771
3:30:00 21.066 25.269 24.849 27.649 26.809 24.849 24.009 26.529 26.809 25.689
3:45:00 20.446 25.269 24.849 26.669 26.809 24.849 24.009 26.529 26.809 25.689
4:00:00 20.446 25.269 24.849 26.669 26.809 24.849 24.009 26.529 26.809 25.689
4:15:00 20.358 25.269 24.849 26.669 26.809 24.849 24.009 26.529 26.809 25.689
4:30:00 20.446 25.269 24.849 26.669 26.809 24.849 24.009 26.529 26.809 25.689
4:45:00 20.269 25.269 24.849 26.669 26.809 24.849 24.009 26.529 26.809 25.689
5:00:00 20.269 25.269 24.849 26.669 26.809 24.849 24.009 26.529 26.809 25.689
5:15:00 20.181 25.269 24.849 26.669 26.809 24.849 24.009 26.529 26.809 25.514
5:30:00 19.827 25.269 24.849 26.669 25.829 23.729 24.009 26.529 26.809 25.327
5:45:00 19.561 25.269 24.849 26.669 25.829 23.729 24.009 25.409 25.689 25.327
6:00:00 19.915 25.269 24.849 26.669 25.829 23.729 24.009 25.409 25.689 25.071
6:15:00 19.296 24.289 23.729 26.669 25.829 23.729 23.029 25.409 25.689 25.071
6:30:00 18.942 24.289 23.729 26.669 25.829 23.729 23.029 25.409 25.689 25.071
6:45:00 19.119 24.289 23.729 26.669 25.829 23.729 23.029 25.409 25.689 24.896
7:00:00 18.41 24.289 23.729 25.689 25.829 23.729 23.029 25.409 25.689 24.802
7:15:00 18.853 24.289 23.729 25.689 25.829 23.729 23.029 25.409 25.689 24.802
7:30:00 20.004 24.289 23.729 25.689 25.829 23.729 23.029 25.409 25.689 24.802
7:45:00 21.243 24.289 23.729 25.689 25.829 23.729 23.029 25.409 25.689 24.802
8:00:00 21.951 24.289 23.729 25.689 25.829 23.729 23.029 25.409 25.689 24.802
8:15:00 22.571 24.289 23.729 25.689 25.829 23.729 23.029 25.409 25.689 24.802
8:30:00 23.102 24.289 23.729 25.689 25.829 23.729 23.029 25.409 25.689 24.884
8:45:00 23.368 24.289 23.729 25.689 25.829 23.729 23.029 25.409 25.689 24.977
9:00:00 24.43 24.289 24.849 25.689 25.829 23.729 23.029 25.409 25.689 24.977
9:15:00 25.404 24.289 24.849 25.689 25.829 23.729 23.029 25.409 25.689 25.164
9:30:00 26.997 24.289 24.849 25.689 25.829 24.849 24.149 25.409 25.689 25.339
9:45:00 28.148 24.289 24.849 26.669 25.829 24.849 24.149 25.409 25.689 25.339
10:00:00 28.413 24.289 24.849 26.669 25.829 24.849 24.149 25.409 25.689 25.432
10:15:00 28.767 24.289 24.849 26.669 25.829 25.969 24.149 25.409 25.689 25.526
10:30:00 29.653 25.409 25.969 26.669 25.829 25.969 24.149 25.409 25.689 25.712
10:45:00 30.803 25.409 25.969 26.669 25.829 25.969 24.149 26.529 25.689 25.712
11:00:00 30.715 25.409 25.969 26.669 25.829 25.969 24.149 26.529 25.689 25.969
11:15:00 32.22 25.409 25.969 26.669 26.809 25.969 25.269 26.529 25.689 26.051
11:30:00 32.574 25.409 25.969 27.649 26.809 25.969 25.269 26.529 25.689 26.051
11:45:00 33.37 25.409 25.969 27.649 26.809 25.969 25.269 26.529 25.689 26.051
12:00:00 33.813 25.409 25.969 27.649 26.809 25.969 25.269 26.529 25.689 26.051
12:15:00 33.99 25.409 25.969 27.649 26.809 25.969 25.269 26.529 25.689 26.051
12:30:00 33.901 25.409 25.969 27.649 26.809 25.969 25.269 26.529 25.689 26.051
12:45:00 34.787 25.409 25.969 27.649 26.809 25.969 25.269 26.529 25.689 26.051
13:00:00 35.052 25.409 25.969 27.649 26.809 25.969 25.269 26.529 25.689 26.051
13:15:00 35.495 25.409 25.969 27.649 26.809 25.969 25.269 26.529 25.689 26.331
13:30:00 35.583 25.409 25.969 27.649 27.929 25.969 25.269 26.529 26.809 26.331
13:45:00 36.38 25.409 25.969 27.649 27.929 25.969 25.269 26.529 26.809 26.424
14:00:00 36.203 25.409 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.424
14:15:00 35.937 25.409 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.424
14:30:00 34.964 25.409 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.517
14:45:00 34.433 26.529 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.611
15:00:00 36.911 26.529 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.704
15:15:00 36.823 26.529 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.704
15:30:00 37.088 26.529 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.704
15:45:00 37.088 26.529 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.704
16:00:00 35.229 26.529 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.704
16:15:00 36.38 26.529 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.704
16:30:00 36.823 26.529 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.704
16:45:00 36.646 26.529 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.704
17:00:00 36.469 26.529 25.969 28.769 27.929 25.969 25.269 26.529 26.809 26.704
17:15:00 35.229 26.529 27.089 28.769 27.929 25.969 25.269 26.529 26.809 26.797
17:30:00 35.76 26.529 27.089 28.769 27.929 25.969 25.269 26.529 26.809 26.797
17:45:00 35.672 26.529 27.089 28.769 27.929 25.969 25.269 26.529 26.809 26.797
Tuesday 13 March 2001
Time Outside Air GF- North EGF- North EGF- North WFF- North EFF- North WGF- South WFF- South EFF- South WAverage Te
0:00:00 14.516 22.889 22.749 24.429 25.129 21.489 21.069 23.309 22.469 23.169
0:15:00 14.25 22.889 22.749 24.429 25.129 21.489 21.069 22.189 22.469 23.169
0:30:00 14.073 22.889 22.749 24.429 25.129 21.489 21.069 22.189 22.469 23.087
0:45:00 13.896 21.769 22.749 23.309 25.129 21.489 21.069 22.189 22.469 22.901
1:00:00 13.542 21.769 22.749 23.309 25.129 21.489 21.069 22.189 22.469 22.807
1:15:00 13.276 21.769 22.749 23.309 24.009 21.489 21.069 22.189 22.469 22.714
1:30:00 13.188 21.769 21.629 23.309 24.009 21.489 21.069 22.189 22.469 22.714
1:45:00 13.099 21.769 21.629 23.309 24.009 21.489 21.069 22.189 22.469 22.714
2:00:00 12.745 21.769 21.629 23.309 24.009 21.489 21.069 22.189 22.469 22.621
2:15:00 12.391 21.769 21.629 23.309 22.889 21.489 21.069 22.189 22.469 22.527
2:30:00 12.303 21.769 21.629 22.189 22.889 21.489 21.069 22.189 22.469 22.527
2:45:00 11.949 21.769 21.629 22.189 22.889 20.369 21.069 22.189 22.469 22.434
3:00:00 11.683 21.769 21.629 22.189 22.889 20.369 21.069 22.189 22.469 22.527
3:15:00 11.771 21.769 21.629 23.309 22.889 20.369 21.069 22.189 22.469 22.434
3:30:00 11.683 21.769 21.629 22.189 22.889 20.369 21.069 22.189 22.469 22.434
3:45:00 11.506 21.769 21.629 22.189 22.889 20.369 21.069 22.189 22.469 22.434
4:00:00 11.24 20.649 21.629 22.189 22.889 20.369 21.069 22.189 22.469 22.341
4:15:00 10.886 20.649 21.629 22.189 22.889 20.369 21.069 22.189 22.469 22.247
4:30:00 10.975 21.769 21.629 22.189 22.889 20.369 21.069 22.189 22.469 22.341
4:45:00 10.886 21.769 21.629 22.189 22.889 20.369 21.069 22.189 22.469 22.247
5:00:00 11.063 21.769 21.629 22.189 22.889 20.369 21.069 22.189 22.469 22.247
5:15:00 10.975 20.649 21.629 22.189 22.889 20.369 21.069 22.189 22.469 22.061
5:30:00 10.444 20.649 21.629 22.189 21.769 20.369 21.069 22.189 22.469 21.979
5:45:00 9.913 21.769 21.629 22.189 21.769 20.369 21.069 22.189 21.489 22.072
6:00:00 9.381 20.649 21.629 22.189 21.769 20.369 21.069 22.189 21.489 22.166
6:15:00 9.293 20.649 21.629 22.189 22.889 20.369 21.069 22.189 21.489 22.072
6:30:00 9.027 20.649 21.629 22.189 22.889 20.369 21.069 22.189 21.489 21.897
6:45:00 9.116 20.649 20.509 22.189 21.909 20.369 21.069 22.189 21.489 21.897
7:00:00 8.85 20.649 20.509 22.189 21.909 20.369 21.069 22.189 21.489 21.991
7:15:00 8.85 21.769 21.629 22.189 21.909 20.369 21.069 22.189 21.489 22.084
7:30:00 9.381 20.649 21.629 22.189 21.909 20.369 21.069 22.189 21.489 21.897
7:45:00 10.001 20.649 20.509 22.189 21.909 20.369 21.069 22.189 21.489 21.897
8:00:00 10.621 20.649 20.509 22.189 21.909 20.369 21.069 22.189 21.489 21.991
8:15:00 11.152 20.649 21.629 22.189 21.909 20.369 21.069 22.189 21.489 21.991
8:30:00 11.417 20.649 21.629 22.189 21.909 20.369 21.069 22.189 21.489 21.991
8:45:00 11.86 20.649 21.629 22.189 21.909 20.369 21.069 22.189 21.489 21.991
9:00:00 12.745 20.649 21.629 22.189 21.909 20.369 21.069 22.189 21.489 21.804
9:15:00 13.453 21.769 21.629 22.189 21.909 20.369 21.069 22.189 21.489 21.897
9:30:00 13.807 21.769 21.629 22.189 21.909 20.369 21.069 22.189 21.489 21.979
9:45:00 14.604 21.769 21.629 22.189 22.889 20.369 21.069 22.189 21.489 21.979
10:00:00 15.224 21.769 21.629 22.189 22.889 20.369 21.069 22.189 21.489 21.979
10:15:00 15.932 21.769 21.629 22.189 22.889 20.369 21.069 22.189 21.489 21.979
10:30:00 16.375 21.769 21.629 22.189 22.889 20.369 21.069 22.189 21.489 21.979
10:45:00 17.171 21.769 21.629 22.189 22.889 20.369 21.069 22.189 21.489 22.061
11:00:00 19.03 21.769 21.629 22.189 22.889 20.369 21.069 22.189 21.489 22.061
11:15:00 18.942 21.769 21.629 22.189 22.889 20.369 21.069 22.189 21.489 22.061
11:30:00 19.738 21.769 21.629 22.189 22.889 21.489 21.069 22.189 21.489 22.061
11:45:00 19.561 21.769 21.629 22.189 22.889 21.489 21.069 22.189 21.489 22.154
12:00:00 19.738 21.769 21.629 22.189 22.889 21.489 21.069 22.189 21.489 22.154
12:15:00 20.978 21.769 21.629 22.189 22.889 21.489 21.069 22.189 21.489 22.154
12:30:00 20.181 21.769 21.629 22.189 22.889 21.489 21.069 22.189 21.489 22.154
12:45:00 21.066 21.769 21.629 22.189 22.889 21.489 21.069 22.189 21.489 22.247
13:00:00 22.217 21.769 22.749 22.189 22.889 21.489 21.069 22.189 21.489 22.247
13:15:00 22.04 21.769 22.749 22.189 22.889 21.489 21.069 22.189 21.489 22.341
13:30:00 21.42 21.769 22.749 23.309 22.889 21.489 21.069 22.189 21.489 22.341
13:45:00 22.659 21.769 22.749 23.309 22.889 21.489 21.069 22.189 21.489 22.341
14:00:00 22.217 21.769 22.749 23.309 22.889 21.489 21.069 22.189 21.489 22.434
14:15:00 22.482 21.769 22.749 23.309 22.889 21.489 21.069 22.189 21.489 22.434
14:30:00 22.571 22.889 22.749 23.309 22.889 21.489 21.069 22.189 21.489 22.527
14:45:00 22.659 22.889 22.749 23.309 22.889 21.489 21.069 22.189 21.489 22.621
15:00:00 23.456 22.889 22.749 23.309 22.889 21.489 22.189 22.189 21.489 22.621
15:15:00 23.014 22.889 22.749 23.309 22.889 21.489 22.189 22.189 21.489 22.621
15:30:00 24.784 22.889 22.749 23.309 22.889 21.489 22.189 22.189 21.489 22.714
15:45:00 23.81 22.889 22.749 23.309 22.889 21.489 22.189 22.189 21.489 22.714
16:00:00 24.341 22.889 22.749 23.309 22.889 21.489 22.189 22.189 21.489 22.714
16:15:00 23.81 22.889 22.749 23.309 22.889 21.489 22.189 22.189 21.489 22.714
16:30:00 23.722 22.889 22.749 23.309 22.889 21.489 22.189 22.189 21.489 22.714
Saturday 17 March 2001
Time Outside Air GF- North EGF- North EGF- North WFF- North EFF- North WGF- South WFF- South EFF- South WAverage Te
0:00:00 21.951 23.169 22.749 22.189 24.429 22.189 23.729 25.129 23.589 23.554
0:15:00 21.42 23.169 22.749 22.189 24.429 22.189 23.729 25.129 23.589 23.554
0:30:00 21.243 23.169 22.749 22.189 24.429 22.189 23.729 25.129 23.589 23.554
0:45:00 21.066 23.169 22.749 22.189 24.429 22.189 23.729 25.129 23.589 23.554
1:00:00 21.243 23.169 22.749 22.189 24.429 22.189 23.729 25.129 23.589 23.554
1:15:00 21.686 23.169 22.749 22.189 24.429 22.189 23.729 25.129 23.589 23.554
1:30:00 21.686 23.169 22.749 22.189 24.429 22.189 23.729 25.129 23.589 23.554
1:45:00 21.597 23.169 22.749 22.189 24.429 22.189 23.729 25.129 23.589 23.636
2:00:00 21.774 23.169 22.749 23.169 24.429 22.189 23.729 25.129 23.589 23.636
2:15:00 21.774 23.169 22.749 23.169 24.429 22.189 23.729 25.129 23.589 23.636
2:30:00 21.686 23.169 22.749 23.169 24.429 22.189 23.729 25.129 23.589 23.636
2:45:00 21.597 23.169 22.749 23.169 24.429 22.189 23.729 25.129 23.589 23.636
3:00:00 21.332 23.169 22.749 23.169 24.429 22.189 23.729 25.129 23.589 23.636
3:15:00 21.42 23.169 22.749 23.169 24.429 22.189 23.729 25.129 23.589 23.636
3:30:00 21.42 23.169 22.749 23.169 24.429 22.189 23.729 25.129 23.589 23.636
3:45:00 21.155 23.169 22.749 23.169 24.429 22.189 23.729 25.129 23.589 23.636
4:00:00 20.978 23.169 22.749 23.169 24.429 22.189 23.729 25.129 23.589 23.636
4:15:00 20.889 23.169 22.749 23.169 24.429 22.189 23.729 25.129 23.589 23.554
4:30:00 21.066 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
4:45:00 20.978 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
5:00:00 20.889 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
5:15:00 20.889 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
5:30:00 20.801 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
5:45:00 20.624 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
6:00:00 20.446 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
6:15:00 20.358 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
6:30:00 20.181 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
6:45:00 20.092 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
7:00:00 20.092 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.554
7:15:00 19.561 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.461
7:30:00 19.915 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.461
7:45:00 20.269 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.461
8:00:00 20.535 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.461
8:15:00 20.889 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.461
8:30:00 21.863 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.461
8:45:00 22.659 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.461
9:00:00 23.014 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.461
9:15:00 23.279 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.461
9:30:00 23.987 23.169 21.629 23.169 24.429 22.189 23.729 24.149 23.589 23.461
9:45:00 24.872 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
10:00:00 25.846 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
10:15:00 25.669 23.169 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.554
10:30:00 26.466 24.289 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.647
10:45:00 26.643 24.289 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.741
11:00:00 26.997 24.289 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.741
11:15:00 26.908 24.289 22.749 23.169 24.429 22.189 23.729 24.149 23.589 23.741
11:30:00 26.908 24.289 22.749 23.169 24.429 23.309 23.729 24.149 23.589 23.916
11:45:00 27.528 24.289 22.749 23.169 24.429 23.309 23.729 25.129 23.589 23.916
12:00:00 27.705 24.289 22.749 23.169 24.429 23.309 23.729 25.129 23.589 24.009
12:15:00 27.528 24.289 22.749 23.169 24.429 23.309 24.849 25.129 23.589 24.009
12:30:00 27.705 24.289 22.749 23.169 24.429 23.309 24.849 25.129 23.589 24.102
12:45:00 28.325 24.289 22.749 23.169 24.429 23.309 24.849 25.129 23.589 24.196
13:00:00 28.59 24.289 22.749 24.289 24.429 23.309 24.849 25.129 23.589 24.289
13:15:00 28.325 24.289 22.749 24.289 25.549 23.309 24.849 25.129 23.589 24.289
13:30:00 28.679 24.289 22.749 24.289 25.549 23.309 24.849 25.129 23.589 24.289
13:45:00 28.856 24.289 22.749 24.289 25.549 23.309 24.849 25.129 23.589 24.371
14:00:00 29.21 24.289 22.749 24.289 25.549 23.309 24.849 26.109 23.589 24.371
14:15:00 30.272 24.289 23.869 24.289 25.549 23.309 24.849 26.109 23.589 24.464
14:30:00 29.387 24.289 23.869 24.289 25.549 23.309 24.849 26.109 23.589 24.744
14:45:00 29.475 24.289 23.869 24.289 25.549 23.309 24.849 26.109 24.709 24.744
15:00:00 28.767 24.289 23.869 24.289 25.549 23.309 24.849 26.109 24.709 24.744
15:15:00 28.679 24.289 23.869 24.289 25.549 23.309 24.849 26.109 24.709 24.744
15:30:00 28.148 24.289 24.989 24.289 25.549 23.309 24.849 26.109 24.709 24.837
15:45:00 27.971 24.289 24.989 24.289 25.549 23.309 24.849 26.109 24.709 24.837
16:00:00 26.377 24.289 24.989 24.289 25.549 23.309 24.849 26.109 24.709 24.837
16:15:00 25.049 24.289 24.989 24.289 25.549 23.309 24.849 26.109 24.709 24.837
16:30:00 24.961 24.289 24.989 24.289 25.549 23.309 24.849 26.109 24.709 24.837
Wednesday 4 April 2001
Time Outside Air GF- North EGF- North EGF- North WFF- North EFF- North WGF- South WFF- South EFF- South WAverage Te
0:00:00 14.87 23.029 21.629 20.929 22.469 22.189 23.729 23.869 21.349 22.516
0:15:00 14.604 23.029 21.629 20.929 22.469 22.189 23.729 23.869 21.349 22.516
0:30:00 14.339 23.029 21.629 20.929 22.469 22.189 23.729 23.869 21.349 22.516
0:45:00 14.339 23.029 21.629 20.929 22.469 22.189 23.729 23.869 21.349 22.516
1:00:00 13.453 23.029 21.629 20.929 22.469 22.189 23.729 23.869 21.349 22.516
1:15:00 13.807 23.029 21.629 20.929 22.469 22.189 23.729 23.869 21.349 22.516
1:30:00 13.188 23.029 21.629 20.929 22.469 22.189 23.729 23.869 21.349 22.516
1:45:00 13.011 23.029 21.629 20.929 22.469 22.189 23.729 22.749 21.349 22.516
2:00:00 13.365 23.029 21.629 20.929 22.469 22.189 23.729 22.749 21.349 22.422
2:15:00 13.365 23.029 21.629 20.929 22.469 22.189 23.729 22.749 21.349 22.422
2:30:00 13.896 23.029 21.629 20.929 22.469 22.189 23.729 22.749 21.349 22.422
2:45:00 14.25 23.029 21.629 20.929 22.469 22.189 23.729 22.749 21.349 22.422
3:00:00 14.339 23.029 21.629 20.929 22.469 22.189 23.729 22.749 21.349 22.422
3:15:00 13.984 23.029 21.629 20.929 22.469 22.189 23.729 22.749 21.349 22.422
3:30:00 13.276 23.029 21.629 20.929 22.469 22.189 23.729 22.749 21.349 22.422
3:45:00 12.922 23.029 21.629 20.929 22.469 22.189 23.729 22.749 21.349 22.422
4:00:00 12.391 23.029 21.629 20.929 22.469 21.209 23.729 22.749 21.349 22.341
4:15:00 12.391 23.029 21.629 20.929 22.469 21.209 23.729 22.749 21.349 22.341
4:30:00 11.594 23.029 21.629 20.929 22.469 21.209 23.729 22.749 21.349 22.341
4:45:00 11.771 23.029 21.629 20.929 22.469 21.209 23.729 22.749 21.349 22.341
5:00:00 11.683 23.029 21.629 20.929 22.469 21.209 23.729 22.749 21.349 22.341
5:15:00 11.506 23.029 21.629 20.929 22.469 21.209 22.609 22.749 21.349 22.154
5:30:00 11.417 21.909 21.629 20.929 22.469 21.209 22.609 22.749 21.349 22.061
5:45:00 11.683 21.909 21.629 20.929 22.469 21.209 22.609 22.749 21.349 22.061
6:00:00 11.417 21.909 21.629 20.929 22.469 21.209 22.609 22.749 21.349 22.061
6:15:00 11.152 21.909 21.629 20.929 22.469 21.209 22.609 22.749 21.349 22.061
6:30:00 11.063 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 21.979
6:45:00 10.709 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 21.979
7:00:00 10.532 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 21.979
7:15:00 10.444 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 21.979
7:30:00 10.09 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 21.979
7:45:00 10.267 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 21.979
8:00:00 10.709 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 21.979
8:15:00 11.594 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 21.979
8:30:00 11.86 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 21.979
8:45:00 12.48 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 21.979
9:00:00 13.365 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
9:15:00 14.427 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
9:30:00 15.312 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
9:45:00 15.489 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
10:00:00 15.578 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
10:15:00 16.463 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
10:30:00 16.994 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
10:45:00 17.614 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
11:00:00 17.791 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
11:15:00 18.056 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
11:30:00 19.207 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
11:45:00 19.65 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
12:00:00 20.446 21.909 21.629 20.929 21.489 21.209 22.609 22.749 21.349 22.072
12:15:00 20.624 21.909 21.629 20.929 21.489 21.209 23.589 22.749 21.349 22.154
12:30:00 21.155 21.909 21.629 20.929 21.489 21.209 23.589 22.749 21.349 22.154
12:45:00 21.597 21.909 22.749 20.929 21.489 21.209 23.589 22.749 21.349 22.247
13:00:00 22.128 23.029 22.749 20.929 21.489 21.209 23.589 22.749 21.349 22.247
13:15:00 22.482 23.029 22.749 20.929 21.489 21.209 23.589 22.749 21.349 22.341
13:30:00 23.102 23.029 22.749 20.929 21.489 21.209 23.589 22.749 21.349 22.341
13:45:00 23.899 23.029 22.749 20.929 21.489 21.209 23.589 22.749 21.349 22.434
14:00:00 23.722 23.029 22.749 20.929 21.489 21.209 23.589 22.749 21.349 22.434
14:15:00 23.368 23.029 22.749 20.929 21.489 21.209 23.589 22.749 21.349 22.434
14:30:00 24.253 23.029 22.749 20.929 22.609 21.209 23.589 22.749 21.349 22.527
14:45:00 23.987 23.029 22.749 20.929 22.609 21.209 23.589 22.749 21.349 22.527
15:00:00 23.722 23.029 22.749 20.929 22.609 21.209 23.589 22.749 21.349 22.527
15:15:00 24.43 23.029 22.749 20.929 22.609 21.209 23.589 23.869 21.349 22.621
15:30:00 24.518 23.029 22.749 20.929 22.609 21.209 23.589 23.869 21.349 22.714
15:45:00 23.633 23.029 22.749 20.929 22.609 21.209 23.589 23.869 21.349 22.714
16:00:00 23.899 23.029 22.749 20.929 22.609 21.209 23.589 23.869 21.349 22.807
16:15:00 23.987 23.029 22.749 20.929 22.609 21.209 23.589 23.869 21.349 22.807
16:30:00 23.81 23.029 22.749 20.929 22.609 21.209 23.589 23.869 21.349 22.807
Friday 1 June 2001
Time Outside Air GF- North EGF- North EGF- North WFF- North EFF- North WGF- South WFF- South EFF- South WAverage Te
0:00:00 7.523 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.501
0:15:00 7.434 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
0:30:00 7.434 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
0:45:00 7.523 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
1:00:00 7.877 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
1:15:00 7.345 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
1:30:00 6.726 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
1:45:00 7.434 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
2:00:00 7.611 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
2:15:00 6.46 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
2:30:00 6.549 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
2:45:00 6.726 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
3:00:00 6.549 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
3:15:00 6.372 23.169 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.407
3:30:00 5.398 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
3:45:00 5.31 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
4:00:00 6.106 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
4:15:00 5.487 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
4:30:00 4.601 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
4:45:00 5.31 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
5:00:00 5.133 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
5:15:00 4.867 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
5:30:00 4.867 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
5:45:00 5.575 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
6:00:00 6.106 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
6:15:00 5.752 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
6:30:00 5.752 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
6:45:00 6.195 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
7:00:00 6.46 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
7:15:00 5.841 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
7:30:00 6.372 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
7:45:00 7.168 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
8:00:00 7.434 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.314
8:15:00 7.434 23.169 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.221
8:30:00 6.991 22.049 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.034
8:45:00 7.345 22.049 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.034
9:00:00 7.877 22.049 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.127
9:15:00 8.319 22.049 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.127
9:30:00 7.788 22.049 20.089 19.529 20.509 20.929 22.049 21.629 20.229 21.127
9:45:00 8.319 22.049 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.127
10:00:00 7.788 22.049 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.221
10:15:00 7.788 22.049 21.209 19.529 20.509 20.929 22.049 21.629 20.229 21.127
10:30:00 7.08 23.169 22.329 19.529 20.509 20.929 22.049 21.629 20.229 21.501
10:45:00 8.231 23.169 22.329 19.529 20.509 20.929 22.049 21.629 20.229 21.594
11:00:00 8.585 24.289 22.329 19.529 20.509 20.929 22.049 21.629 20.229 21.594
11:15:00 10.09 23.169 22.329 19.529 20.509 20.929 23.169 21.629 20.229 21.501
11:30:00 10.09 23.169 22.329 19.529 20.509 20.929 23.169 21.629 20.229 21.501
11:45:00 9.736 23.169 22.329 19.529 20.509 20.929 23.169 21.629 20.229 21.501
12:00:00 10.267 23.169 22.329 19.529 20.509 20.929 23.169 21.629 20.229 21.501
12:15:00 11.24 23.169 22.329 19.529 20.509 20.929 23.169 21.629 20.229 21.594
12:30:00 11.594 24.289 22.329 19.529 21.489 20.929 23.169 21.629 20.229 21.769
12:45:00 12.214 24.289 22.329 19.529 21.489 22.049 23.169 21.629 20.229 21.862
13:00:00 13.011 24.289 22.329 19.529 21.489 22.049 23.169 22.749 20.229 21.956
13:15:00 13.011 24.289 22.329 19.529 21.489 22.049 23.169 22.749 20.229 21.956
13:30:00 14.958 24.289 22.329 19.529 21.489 22.049 23.169 22.749 20.229 21.956
13:45:00 14.693 24.289 22.329 19.529 21.489 22.049 23.169 22.749 20.229 21.956
14:00:00 14.693 24.289 23.449 19.529 22.609 22.049 24.289 22.749 20.229 22.236
14:15:00 14.25 24.289 23.449 19.529 22.609 22.049 24.289 22.749 20.229 22.236
14:30:00 14.162 24.289 23.449 19.529 22.609 22.049 24.289 22.749 20.229 22.236
14:45:00 14.339 24.289 23.449 19.529 22.609 22.049 24.289 22.749 20.229 22.236
15:00:00 14.693 24.289 23.449 19.529 22.609 22.049 24.289 22.749 20.229 22.236
15:15:00 14.516 24.289 23.449 19.529 22.609 22.049 24.289 22.749 20.229 22.236
15:30:00 14.604 24.289 23.449 19.529 22.609 22.049 24.289 22.749 20.229 22.236
15:45:00 14.781 24.289 23.449 19.529 22.609 22.049 24.289 22.749 20.229 22.236
16:00:00 15.401 24.289 23.449 19.529 22.609 22.049 24.289 22.749 20.229 22.236
16:15:00 14.958 24.289 23.449 20.649 22.609 22.049 24.289 22.749 20.229 22.329
16:30:00 14.781 23.169 23.449 20.649 22.609 22.049 24.289 22.749 20.229 22.329
Friday 3 July 2001
Time Outside Air GF- North EGF- North EGF- North WFF- North EFF- North WGF- South WFF- South EFF- South WAverage Te
0:00:00 4.867 23.029 21.069 19.669 19.389 21.069 22.609 20.229 19.249 21.162
0:15:00 5.133 23.029 21.069 19.669 19.389 21.069 22.609 20.229 19.249 21.162
0:30:00 4.867 23.029 21.069 19.669 19.389 21.069 22.609 20.229 19.249 21.162
0:45:00 2.919 23.029 21.069 19.669 19.389 21.069 22.609 20.229 19.249 21.162
1:00:00 3.274 23.029 21.069 19.669 19.389 21.069 22.609 20.229 19.249 21.162
1:15:00 2.919 23.029 21.069 19.669 19.389 21.069 21.489 20.229 19.249 21.069
1:30:00 3.539 23.029 21.069 19.669 19.389 21.069 21.489 20.229 19.249 21.069
1:45:00 3.805 23.029 21.069 19.669 19.389 21.069 21.489 20.229 19.249 21.069
2:00:00 3.893 23.029 21.069 19.669 19.389 21.069 21.489 20.229 19.249 21.069
2:15:00 4.867 23.029 21.069 19.669 19.389 21.069 21.489 20.229 19.249 21.069
2:30:00 5.221 23.029 21.069 19.669 19.389 21.069 21.489 20.229 19.249 21.069
2:45:00 3.982 23.029 21.069 19.669 19.389 21.069 21.489 20.229 19.249 21.069
3:00:00 3.274 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.976
3:15:00 3.805 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.976
3:30:00 3.451 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.976
3:45:00 3.362 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
4:00:00 3.451 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
4:15:00 3.893 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
4:30:00 3.893 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
4:45:00 4.424 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
5:00:00 4.601 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
5:15:00 5.487 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
5:30:00 5.31 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
5:45:00 4.955 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
6:00:00 4.601 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
6:15:00 5.044 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
6:30:00 5.133 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
6:45:00 4.601 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
7:00:00 5.31 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
7:15:00 5.487 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
7:30:00 5.575 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
7:45:00 5.487 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
8:00:00 5.398 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
8:15:00 5.487 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
8:30:00 5.221 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
8:45:00 5.398 23.029 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.882
9:00:00 5.398 24.149 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.976
9:15:00 5.487 24.149 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.976
9:30:00 5.929 24.149 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.976
9:45:00 5.841 24.149 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.976
10:00:00 6.283 24.149 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.976
10:15:00 6.903 24.149 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.976
10:30:00 7.08 24.149 19.949 19.669 19.389 21.069 21.489 20.229 19.249 20.976
10:45:00 7.345 24.149 21.069 19.669 19.389 21.069 21.489 20.229 19.249 21.069
11:00:00 7.611 24.149 21.069 19.669 19.389 21.069 21.489 20.229 19.249 21.069
11:15:00 7.788 24.149 21.069 19.669 19.389 21.069 22.609 20.229 19.249 21.162
11:30:00 7.877 24.149 21.069 19.669 19.389 21.069 22.609 20.229 19.249 21.162
11:45:00 8.142 24.149 22.189 19.669 20.509 21.069 22.609 21.209 19.249 21.431
12:00:00 8.939 25.269 22.189 19.669 20.509 21.069 22.609 21.209 19.249 21.617
12:15:00 8.762 25.269 22.189 19.669 20.509 21.069 22.609 21.209 19.249 21.617
12:30:00 9.027 25.269 22.189 19.669 20.509 21.069 22.609 21.209 19.249 21.617
12:45:00 10.09 25.269 22.189 19.669 20.509 21.069 22.609 21.209 19.249 21.711
13:00:00 9.736 25.269 22.189 19.669 20.509 21.069 22.609 21.209 19.249 21.711
13:15:00 11.417 25.269 22.189 19.669 20.509 21.069 22.609 21.209 19.249 21.711
13:30:00 10.355 25.269 22.189 19.669 20.509 21.069 22.609 21.209 19.249 21.711
13:45:00 10.621 26.389 22.189 19.669 20.509 21.069 22.609 21.209 19.249 21.804
14:00:00 10.975 26.389 22.189 19.669 21.629 21.069 22.609 21.209 19.249 21.897
14:15:00 10.975 26.389 22.189 19.669 21.629 21.069 22.609 21.209 19.249 21.897
14:30:00 11.594 26.389 22.189 19.669 21.629 21.069 23.729 21.209 19.249 21.991
14:45:00 11.86 26.389 23.309 19.669 21.629 21.069 23.729 21.209 19.249 22.084
15:00:00 11.949 26.389 23.309 19.669 21.629 21.069 23.729 21.209 19.249 22.084
15:15:00 13.011 26.389 23.309 19.669 21.629 21.069 23.729 21.209 19.249 22.084
15:30:00 12.745 26.389 23.309 19.669 21.629 21.069 23.729 21.209 19.249 22.177
15:45:00 11.86 26.389 23.309 19.669 21.629 22.189 23.729 21.209 19.249 22.177
16:00:00 12.037 26.389 23.309 19.669 21.629 22.189 23.729 21.209 19.249 22.271
16:15:00 11.949 26.389 23.309 19.669 21.629 22.189 23.729 21.209 19.249 22.271
16:30:00 11.506 26.389 23.309 19.669 21.629 22.189 23.729 21.209 19.249 22.271
Schedule of Issues and Actions Appendix H
(Summary of April, 2000, July 2001, and 2002 in italics)
GENERAL ISSUES RECOMMENDATION COMMENT
1. Sensor not operational
in the lecture theatre
tank, the lecture
theatre solar system is
now unable to operate.
Replace immediately Completed
2. As installed drawings
incomplete.
As installed drawings to
include
- roof slab pipework
- main pipework runs within
each ceiling void
- circuits and their plant
and controls on the
schematics
- Control point locations
and references
- Plant references
- Valve locations and
references
To be checked on-site by consultants at next site visit.
Drawing No 1398-MS-03: ‘Ground Floor Plan’ should be
‘roof plan pipework’.
Drawing of Lecture Theatre roof plan pipework missing.
3. Boilers need to operate
at part flow as the
valving arrangement
currently varies the
volume flow rate
through the boilers.
Confirm that the installed
boilers are suitable for
operation at part flow. If not,
provide a primary circulation
pump.
Modulated boiler (28kw-9kw) is energy efficient (all
buildings except SEIS offices); primary pump not required.
4. East and west pods are
currently only zoned for
ground and first floors.
Re-zone the east and west
pods to the office building to
a north-south arrangement .
Zoning controls were not correct for office building or
Lecture Theatre.
Physical zoning correct for central office buildings; but
‘pods’ have only one manifold for each slab, and no north-
south zoning.
Brancos to quote on altering manifold to allow north-south
zoning and proving additional thermostats.
5. No insulation to all of
the first floor ceilings.
Roof insulation to be applied
within all roof voids.
Is insulation to tanks sufficient?
Insulation to be completed by B&G; delayed by rectification
work required to electrical wiring.
AEC advise that ventilated roof space is to be maintained.
Foil backed insulation is to be used with insulation wool to
be facing slab with foil on top.
Thermal chimneys in Lecture Theatre to be insulated
(offices done).
6. The louvres are not
forming an adequate
seal when they are
closed-off. Some form
of seal is required to
the louvres for winter
operation.
Fix a seal along the edges of
each damper blade.
or
Put an insulating material in
front of each damper, which
can be put in place during
the winter months and
removed during both the
summer and mid-seasons.
This, however, would require someone to ensure that the
insulating material is put in place and removed as required.
Options are being investigated.
Some of the office building louvres do not completely close.
GIS room appears to have different louvres that do not
close well.
Future buildings to be weather tight seal and insulated
blades.
7. Missing transfer
louvres in the teaching
block which are
required to pass the air
into the clerestory.
Install transfer louvres.
CONTROLS PROGRAMMING ISSUES
8. Overheating in summer
when night cooling is
limited. No evidence of
night purge operation
in the controls logic,
but the louvres have
been witnessed as
being open after hours.
Review and re-program. No night purge currently in cottages as vents have been
blocked off by B&G because of complaints about the noise
of the vent operation at night and cold air leakage in the
winter. This is to be rectified by controlling the night purge
cycle as agreed with the occupants (refer meeting last year)
ie vents open when first called on and close at say, 8.00am.
Leakage is to be addressed as determined by item 6.
Opening of upper level louvres is to be modulated.
Generally, night purge programming to be reviewed by
AEC, for each building type.
Louvres must operate according to individual zone
temperature, not averaged temperatures.
Lecture Theatre auditorium steps may be used for cooling
(currently only used for heating). AEC to advise based on
monitored results, as if not needed then all available cooling
should be used for teaching rooms.
9. The lecture theatre
louvres have currently
been overridden from
the control system.
Switch back to auto control.
10.Solar system of
Cottage 1 is not
charging the tank even
when conditions are
suitable.
Operation of solar charging
to be investigated.
11.Zoning arrangements
of all areas not
programmed. (eg
north/south,
ground/first, separate
rooms)
Review and program zones
for all buildings to be
north/south and by floor level.
Each Zone is to be treated individually, not based on
averages.
Winter and summer mode is zoned with the exception of the
modules that only have 2 sensors.
Supply water temperature is being scheduled by outside
temperature. Supply water needs to be scheduled by Zone
temperature (highest zone temperature), then by
proportional band. In Zones where higher temperature not
required, water temperature is to be modulated down by
valves. Set supply temperature at 30°C and vary upw ards
depending on call temperature
Tank limit of 50°C is to be removed.
Experimentation is required to determine optimum times to
use solar tank. Currently system will only take from solar
tank if 10°C greater that the call temperature. Re- set to 2°C
difference only and monitor.
Panels need cleaning and should be kept clean.
12.Seasonal changeover
periods not as
intended.
Review and re-program with
agreed seasonal
changeovers.
AEC to advise on timing of transitional seasons for each
building, and each operation, eg heating/cooling, and
louvres. Logic for each building type may be different.
Currently 1st May and 1st November, with no transition.
13.Control of lecture
theatre louvres is
problematic.
Review and re-program. Louvres in teaching building have been opening in the
winter; this needs to be checked and rectified.
14.Not all set points,
control points and
supply temperatures
are scheduled.
Schedule all set points,
control points and supply
temperatures.
Refer to item 11.
Most recent two cottages have thermostats in bedrooms,
but these do not show on graphic display.
Brancos experience is that the internal temperature setpoint
in buildings with hydronic heating should be 20-21°C.
Currently daytime set at 23°C and night at 21°C. Ni ght set
point is to be no greater that 18°C. AEC to advise on timing
and temperature of day/night setpoints.
Include ’sanity’ check on controls (eg do not consider
highest and lowest sensor readings).
Need temperature of water leaving slab. Brancos to provide
quote.
15.Underfloor heating
supply set points.
Re-schedule heating supply
set points.
Refer to item 11.
16.Energy management
is not optimised.
Review and re-program
controls with respect to
energy management.
Refer to item 11.
17.Mixing valve
arrangements on all
u/floor heating circuits.
Review and re-program.
18.No evidence of night
purge operation in the
controls logic but
apparently louvres have
been witnessed as
being open after hours.
Revise and witness
operation.
To be corrected by Siemens.
19.The logic for cooling Revise to ensure the lowest Cooling water produced by solar collectors is almost
the tanks in summer is
back to front. I.e. the
logic calls for warmer
tank water as the
temperature outside
rises.
temperature water is
sourced.
ambient.
20.Unclear logic for the
slab cooling on the
upper level.
Program for slab cooling in
conjunction with re-
programming of tanks.
To be corrected by Siemens.
Cooling should be controlled by zone temperature. Cooling
should be only through first floor slab and ceiling.
AEC to comment on requirement for minimum run time for
cooling pumps (eg if already run for 4hrs then won’t run
again in that period).
21.Lake cooling not
installed.
Connect and program. Maximum flow through heat exchanger appears to be 9-12
l/min which is insufficient to be effective.
Heat exchanger pipe work may be used by another chilled
water source. Additional cooling to be investigated by AEC
under separate engagement.
Is lake cooling pipework insulated?
22.Logic controlling
rescheduling of heating
water set points is not
optimum.
Revise.
23.No wind control on
chimneys.
Revise Louvres to shut at 7m/sec (25km/hr). Office building
chimneys louvres to have north/south control relative to
wind direction (eg if wind is blowing from the north, north
side shuts, south side opens). Lecture Theatre is on one
circuit and will therefore not be able to operate in
leeward/windward mode.
AEC to provide louvre opening angles for control
specification. Louvres to shut completely for storm control.
Automate louvres to clerestoreys in Office Buildings.
Brancos to provide quote.
Consider wind baffles to lecture theatre and single storey
SEIS buildings.
24.General compliance
with design intent and
subsequent
amendments needs to
be clear.
Review and re-program.
OTHER ISSUES
25.Effectiveness of night
cooling depends on the
office transfer louvres
being left in an open
position.
Louvres to be left open at
night in the summer.
Significant improvement since staff were emailed.
Reverse louvres over doors so that they may be operated
from the corridor (if lack of opening louvres continues to be
a problem).
Cottages have been issued with directions.
Directions should be posted strategically in each room as
relevant.
26.Timely payment of
outstanding contract
sums.
Prompt assessment of
accounts upon submission.
Subject of separate meeting.
27.No CSU staff have
been trained to manage
the system.
Formal training is to be
arranged between CSU to
train at least two on-site
users in the specifics and
operation of the BMS
system. It is important that
the operators of the system
are competent in its
operation.
Outstanding.
B&G have requested maintenance proposals from Longleys
and Brancos, Brief and quotes to be sent to Office of design
for comment.
About once a month, Brancos check operation on computer,
but this should be part of a maintenance agreement.
Quarterly visual checks, at start of each season, should be
made of all valves, manifolds, etc. Boiler should be serviced
prior to winter operation.
28.Water noise travelling
through lecture theatre
plenum from
evaporative cooling
system.
Install sloping mesh screens
under waterfall to dissipate
sound.
Prototypes needed to determine best solution.
29.Water filtration pond to
lecture theatre leaks
Rectify leak in water filtration
pond.
causing algae build up
in water to evaporative
cooling system.
30.Keep building
occupants better
informed and ensure
that there is an
understanding of how to
‘operate’ the building.
Email each occupant at
seasonal changeover.
Initiate access to BMS for
viewing data. Or prepare
nightly report of trended data
to template for posting on
web.
Siemens need to confirm access levels.
31.Optimise operation of
the building and ensure
that changes to the
system will not cause a
detrimental effect to the
system operation.
Fix operation of system, once
rectified, for one year to
measure performance.
Engage AEC to monitor
building over this time frame,
undertake fault rectification
and generally manage the
BMS.
No changes should be made
without prior approval by
AEC.
Review and analyse
monitored data.
AEC may be contacted directly by B&G (with copy to Office
of Design) if need be.
Tim Raynor is backing up data.
Regular reporting from system is required eg failed points,
critical systems, temperature performance monitoring, etc.
NEW ISSUES
32.Operation of
Geothermal Loop in
Lecture Theatre.
In Winter- every hour water from Geothermal Loop runs
through exchange with thermal tank if Geothermal Loop
temperature is higher than tank temperature until within 1°C
of tank temperature (Reverse in summer)
33.Deformation of
linoleum flooring over
tanks in Lecture
Theatre foyer.
Probably caused when tank was run at about 67°C fo r
testing. May also be contributed to by moisture moving
through the slab where holes in concrete slab were filled
with lesser quality concrete.
34.LCD screens would
reduce heat load.
35.SEIS Seminar Room
cooling.
Branco to quote on automating louvres in Seminar Room.
Install two fans between lights in raised ceiling area (or
remove 3 lights and replace with fans).
Install fan in kitchen area.
36.Heat gain from east
and west.
Fully shade east and west glazing.
37.Heat gain from
stairwells.
Insulate external walls
38.Algae build up in
Lecture Theatre ponds.
Ponds need to run through filtration 4-6hrs/night.
Check how much flow going through wetlands?
Plant wetlands with reeds (ring David Mitchell for advice
when ready to plant).
39.Old operating system. Quote for upgrading operating system.
KEY: Branco (Branco Boilers &Engineering); AEC (Advanced Environmental Concepts); Siemens (Siemens Building
Technology) Design (Office of Design); B&G (Building and Grounds); DIT (Division of Information Technology)
(Webster-Mannison, 2000-2003)
User Guidelines: Offices Appendix I
Guidelines for occupants to maximise efficiency of environmentally friendly aspects of
buildings.
• Louvres above each internal door should normally be open to allow for effective air
circulation. This is essential in summer to assist with night cooling.
• During warmer months, obstructions to airflow through the louvres below external windows
must be removed to allow for effective operation.
• All doors and windows leading to the outside should normally be kept closed to maintain
warmth/coolness in the buildings. Periods during which windows are open should be kept
short, or the room concerned should be isolated by closing the door and internal louvres.
• Overhead fans have been installed featuring two settings: winter and summer. The winter
setting aids in drawing air up and circulating the warmth rising from the floor heating. In
summer, the fan operates in reverse to direct air downwards cooling the occupant. The fan
should be used in preference to opening windows, especially on hot days.
• Maximise use of natural light. Upon entering an office, blinds should be opened to allow in
natural light and therefore, on many occasions, reducing the need for artificial lighting.
• Minimise energy consumption. When leaving the office for extended periods of time turn off
computer and lights. Lights in corridors should only be switched on when required. Any
office equipment that is not in use but which must be left on overnight should be on an
energy saving setting (eg. photocopiers.).
• It is important for both staff and students to be very careful of what they put down the sinks
and basins and to exercise similar caution about the cleaning products or any other
chemicals (eg. hair dye) used in showers or laundries. Each individual should be aware that
all wastewater is treated on campus and recycled wherever possible. None enters the city
council sewer mains.
• Readily compostable food scraps should be placed into a compost bin provided in each
kitchen. These should have a lid to avoid attracting rodents. Compost can be disposed of
into composting toilets or compost bins provided in the permaculture garden. (Compostable
material being disposed of into the toilets should not contain tea bags, citrus peel or coffee
grounds).
• Environmentally friendly cleaning products should be given purchasing preference. The use
of chemical cleaning products should be minimised wherever possible.
(Harrison and Mitchell, p. 12, 2001)
Indicative Campus Management Zones Appendix J
(Harrison and Mitchell, p. 7-8, 2001)
Checklist of Ecodesign Considerations Appendix K
Environmental Impact – strategy
ETHIC: RECOGNISE DEPENDENCE ON A HEALTHY BIOSPHERE.
DESIGN PRINCIPLES: ESTABLISH DESIGN PARAMETERS
Evaluation Stability Relationships
Agree environmental framework
incorporating:
 Values for evaluating the
design decisions
 Design principles
 Tools for generation of the
design
Uncertainties:
 Commitment to green ethics
 Availability of experienced and
skilled designers
 Allowance for longer design
time in client program
 Competitive fee for innovative
work
 Support of statutory authorities
 Support of client and
marketability
 Support from contractors/sub-
contractors
Phases:
PROJECT INITIATION
BRIEF
Key Inter-relationships
DESIGN PROCESS
 Environmental strategy
 Participatory, interactive,
exploratory strategies
DESIGN CONSIDERATIONS: STRATEGY
Considerations Design criteria
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Environmental Impact
 Recognise dependence on a healthy biosphere
 Associate human ethics, technology and culture with nature and
ecology
Resource Responsibility
 Value ecological wealth
 Ensure justice for people and nature
 Respect ecological limits to use of resources
 Recognise the incommensurate form of diversity
 Follow preventative public health model
Passive Design
 Design for a standard of living that is sustainable on a global level
ENVIRONMENTAL STRATEGY 
Assumption of values
 Ethical base
 Responsibility/ implications
Design principles
 Evaluation
 Inter-relationships
 Stability
Generation of design
 Considerations
 Design criteria
 Options
 Rationale
Environmental Impact – user brief
ETHIC: RECOGNISE DEPENDENCE ON A HEALTHY BIOSPHERE.
DESIGN PRINCIPLES: ESTABLISH DESIGN PARAMETERS
Evaluation Stability Relationships
Describe organisational
requirements of the brief:
 Participatory strategy.
 Detail user needs.
Uncertainties:
 Interpretation of requirements.
 Flexibility for change.
Phases:
PROJECT INITIATION
BRIEF
Key Inter-relationships
DESIGN PROCESS
DESIGN CONSIDERATIONS: STRATEGY
Considerations Design criteria
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General space characteristics
 Function/ Staffing
 Functional relationships with other spaces
 Access/ Security requirements
 Flexibility for future use
Detailed Space Requirements
 Activities performed in the space
 Storage (shelving, cupboards, filing cabinets, chemical, etc)
 Furniture/Equipment (name/ function, Equipment size, Vibration
sensitivity, Atypical heat loads, Special temperature control, Odour
producing, Sensitivity to dust, Electrical capacity) 
 Environmental conditions (Lighting, Temperature control, Detailed
HVAC requirements, Exhaust, Fresh air, Instruments, Air filtration,
Mechanical services required to be on essential electricity supply,
Acoustics, Special construction)
 Occupational Health and Safety (Potential hazards eg gases, toxic
fumes, acids, flammable liquids, electrical, spillage, fire and unattended
operations, Source, Circumstances/Implication to design)
 Services (Electricity eg Gpo's, 3-phase, hard-wired, uninterrupted
power, filtered, waterproof outlets, high capacity circuits, emergency
power, earth leakage protection and dedicated earthing, Reticulated/
cylinder gases, Water eg hot/cold, distilled and ultra pure,
Communications)
 Waste (glass, paper, organic, chemical, biological, fumes, fine solids,
solvents, radioisotopes, microbiological, acids, alkalis)
USER BRIEF
Space characteristics
 Function
 Staffing
 Summary area requirements
 Functional relationships
 Access requirements
 Security requirements
 Flexibility for future use
Detailed Requirements
 Activities
 Storage
 Furniture
 Equipment characteristics
 Environmental conditions
 Occupational Health and Safety
 Services
 Waste
Environmental Impact – site analysis
ETHIC: RECOGNISE DEPENDENCE ON A HEALTHY BIOSPHERE
DESIGN PRINCIPLES: ESTABLISH DESIGN PARAMETERS
Evaluation Stability Relationships
Describe project links:
 Analyse climate, geology, soils,
topography, hydrology,
vegetation, ecology, services,
infrastructure, transport links,
movement patterns, land use,
visual impacts, noise,
community relationship, etc
 Prepare flora and fauna survey
 Prepare archaeological, cultural
and historic sites survey
 Identify relationship with
surrounds, community, health,
resources use, and political,
economic, social and cultural
context
Uncertainties:
 Availability of information about
the various physical, biological
and social components of the
particular landscape
 Lack of demonstrated
environmental model
 Complexity of inter-
relationships, inherent
variability and lack of
knowledge of ecological
processes
 Irreversibility of ecological
impacts
Phases:
PROJECT INITIATION
BRIEF
Key Inter-relationships
SYSTEMS
 Energy conservation
 Water management
 Habitat protection
 Movement systems
 Operational (building,
landscape, site)
 Waste management
 Environmental management
DESIGN CONSIDERATIONS: SITE PLANNING
Considerations Design criteria
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Existing conditions
 Juxtapose analysis of existing conditions (climate, geology, soils,
topography, hydrology, vegetation, ecology, services, infrastructure,
transport links, movement patterns, land use, visual impacts, noise,
community relationship, etc) with ecological issues (biodiversity, water,
land degradation, global climate change, etc)
Ecological
 Respond to the immediacy and impact of the process of
biospheric degradation
 Demonstrate sensitivity to other members of our ecological
community
 Follow a precautionary approach
 Minimise interference with natural systems
 Prioritise opportunities for conservation of ecosystems, habitats
and species
 Minimise pollution of soil, air and water
PROJECT LINKS
Existing Conditions
 Climate
 Geology/Soils
 Topography
 Hydrology
 Vegetation
 Services
 Infrastructure
 Transport links
 Movement patterns
 Land use
 Visual impacts
 Noise
 Community relationship
Ecological
 Air, soil and water pollution
 Ecological communities
 Natural systems
 Ecosystems, habitats and
biodiversity
 Precautionary approach
Environmental Impact – socio-political
ETHIC: RECOGNISE DEPENDENCE ON A HEALTHY BIOSPHERE
DESIGN PRINCIPLES: ESTABLISH DESIGN PARAMETERS
Evaluation Stability Relationships
Describe project links:
 Prepare qualitative study of
what site is about, how it feels,
what delights, what is fun.
 Identify economic, social and
cultural context
 Identify affordable comfort
conditions.
 Analyse impact of project on
water, land, air, ecosystems,
habitats and species.
 Create overlays of the existing
conditions habitats, vegetation,
drainage, topography, climate,
geology and soil conditions,
services.
Uncertainties:
 Cultural understanding based
on colonisation and heirarchial
relationships
 Ability of the dominant cultural
and political powers to respond
the process of biospheric
degradation.
 Consequences of new systems
of ownership and organisation.
Phases:
PROJECT INITIATION
BRIEF
Key Inter-relationships
SYSTEMS
DESIGN CONSIDERATIONS: STRATEGY
Considerations Design criteria
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Social
 Promote necessary behavioural change to counter aspects of our
society that inhibit acknowledgment and response to the process of
biospheric degradation
 Foster social connectedness to ecological issues
 Incorporate the perspective of indigenous and local community
 Recognise that our views are influenced by our economic means,
education, friends, family, neighbours and colleagues
 Recognise that socio-environmental views vary geographically
Cultural
 Create relationship of mutual support with biosphere 
 Replace concept of sustainability with survival to reinforce urgency and
impact of the issue
 Change human centred focus of cultural identity
 Promote necessary cultural change
Political
 Adopt a global outlook on issues of greenhouse gases, ozone depletion,
biodiversity and eco-justice
 Influence dominant political systems to respond to current ecological
crisis
Economic
 View the use of natural resources as a process in the context of
sustaining a healthy biosphere
 Value social and ecological health as productive components of the
economy
 Work towards change of social/economic structure that allows the
wealthy to capitalise from ecological destruction
PROJECT LINKS
Social
Cultural
Political
Economic
Environmental Impact – water conservation
ETHIC: ASSOCIATE HUMAN ETHICS, TECHNOLOGY AND CULTURE WITH NATURE AND ECOLOGY
DESIGN PRINCIPLES: ESTABLISH DESIGN PARAMETERS
Evaluation Stability Relationships
Analyse overlays of the existing
conditions:
 Establish inter-relationships that
are sustainable without
irreparable damage.
 Make early decisions favouring
the integration of:
- water conservation
- land conservation
- atmospheric hygiene
- ecosystems, habitats,
biodiversity
 Interpret information about the
various physical, biological and
social components of the
particular landscape
Uncertainties:
 Lack of indicators (eg MKB,
LCA, ecological footprints,
environmental area, green
accounts, Factor 4, Factor 10
etc.)
 Difficulty in assessing
environmental capacity and
cumulative impact
 Complexity of balancing
biological, ecological, economic,
social and cultural requirements
 Lack of influence on future use
and management of site and
buildings
Phases:
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
LAYOUT
 Massing
 Entry/ramps/stairs
 Structure
 Spaces
 Electrical systems
 Communication systems
 Hydraulic systems
 Site works
 Landscape
 Roads, paths, paved areas, etc
 Covered ways
 Fences, retaining walls, etc
SYSTEMS
DESIGN CONSIDERATIONS: SITE PLANNING
Considerations Design criteriaE
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Water Pollution
 Prevent cross contamination of water of different purity.
 Prevent human faecal contamination of water.
 Treat water for reuse on site
Recycle water
 Collect, treat and reuse all water (stormwater, greywater, and
blackwater) through on-site integrated systems
 Reuse recycled water appropriate to level of purity (eg rainwater for
drinking, washing, evaporative cooling; greywater for irrigation, flushing)
Aquatic ecosystems.
 Circulate and store water in ways that are aesthetic, maintain good
water quality, mitigate mosquito breeding and provide habitats.
 Prevent build-up of salts in the water storage.
Water Use
 Landscape the site with plants that do not require supplementation.
 Reduce demand on potable water (eg low water use fittings, recycling)
 Identify opportunities for use of hydro-power.
 Identify opportunities for use of aquifer thermal exchange.
 Effective and interactive monitoring and management of water.
SITE PLANNING
Water Conservation
 Pollution
 Recycling
 Aquatic Ecosystems
 Water Use
Atmospheric Hygeine
 Air
 Light
 Noise
Biodiversity
 Ecosystems
 Habitats
 Species
Environmental Impact – land conservation
ETHIC: ASSOCIATE HUMAN ETHICS, TECHNOLOGY AND CULTURE WITH NATURE AND ECOLOGY
DESIGN PRINCIPLES: ESTABLISH DESIGN PARAMETERS
Evaluation Stability Relationships
Analyse overlays of the existing
conditions:
 Establish inter-relationships that
are sustainable without
irreparable damage
 Make early decisions favouring
the integration of:
- water conservation
- land conservation
- atmospheric hygiene
- ecosystems, habitats,
biodiversity
 Interpret and integrate
information about project links
and various physical, biological
and social components of the
particular landscape
Uncertainties:
 Lack of indicators (eg MKB,
LCA, ecological footprints,
environmental area, green
accounts, Factor 4, Factor 10
etc.)
 Difficulty in assessing
environmental capacity and
cumulative impact
 Complexity of balancing
biological, ecological, economic,
social and cultural requirements
 Lack of influence on future use
and management of site and
buildings
Phases:
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
LAYOUT
SYSTEMS
DESIGN CONSIDERATIONS: SITE PLANNING
Considerations Design criteria
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Soil
 Control erosion and sedimentation
 Provide open space
 Protect existing vegetation and restore natural areas
 Cluster buildings or use compact form to preserve open space,
environmentally sensitive areas
 Keep roads and service lines short and minimise ground disturbance
 Balance impervious areas and work with natural drainage patterns
 Compost organic waste
Landscape Ecosystems
 Protect trees and topsoil during construction
 Reintroduce native species on land that has been ecologically damaged
 Plant to absorb carbon dioxide
 Create wildlife habitats, wetlands, etc
 Include permaculture and food producing landscapes
Land Use
 Minimise hard stand car parking, roads and paved areas to limit
contaminated stormwater, heat loads and impervious area
 Give preference to porous materials for hard stand areas/ paths
 Identify opportunities for use of geothermal power
 Minimise excavation
 Eliminate use of land fill sites
 Identify opportunities for biomass energy production 
Land Conservation
 Soil
 Landscape ecosystems
 Land use
Environmental Impact – atmospheric hygiene
ETHIC: ASSOCIATE HUMAN ETHICS, TECHNOLOGY AND CULTURE WITH NATURE AND ECOLOGY
DESIGN PRINCIPLES: ESTABLISH DESIGN PARAMETERS
Evaluation Stability Relationships
Analyse overlays of the existing
conditions:
 Establish inter-relationships that
are sustainable without
irreparable damage
 Make early decisions favouring
the integration of:
- water conservation
- land conservation
- atmospheric hygiene
- ecosystems, habitats,
biodiversity
 Interpret and integrate
information about the various
physical, biological and social
components of the particular
landscape
Uncertainties:
 Lack of indicators (eg MKB,
LCA, ecological footprints,
environmental area, green
accounts, Factor 4, Factor 10
etc.)
 Difficulty in assessing
environmental capacity and
cumulative impact
 Complexity of balancing
biological, ecological, economic,
social and cultural requirements
 Lack of influence on future use
and management of site and
buildings
Phases:
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
LAYOUT
SYSTEMS
DESIGN CONSIDERATIONS: SITE PLANNING
Considerations Design criteria
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Air
 Reduce heat load by minimising site coverage
 Reduce heat load by maximising vegetated areas (open space, earth
covered roofs, shading of walls, plant covered walls)
 Use landscape to modify air temperature (cooling in summer and
warming in winter)
 Plant trees to channel breezes for cooling or for buffer to cold winds
 Identify opportunities for use of wind power
Light
 Reduce light pollution (eg avoid direct light/glare that may have impact
beyond site, use diffuse light
 Maintain solar access within and beyond site
 Identify opportunities for use of solar power
Acoustics
 Minimise noise transmission to and from site
Atmospheric Hygiene
 Air
 Light
 Sound
Environmental Impact – ecosystems
ETHIC: ASSOCIATE HUMAN ETHICS, TECHNOLOGY AND CULTURE WITH NATURE AND ECOLOGY
DESIGN PRINCIPLES: ESTABLISH DESIGN PARAMETERS
Evaluation Stability Relationships
Analyse overlays of the existing
conditions:
 Establish inter-relationships that
are sustainable without
irreparable damage
 Make early decisions favouring
the integration of:
- water conservation
- land conservation
- atmospheric hygiene
- biodiversity
 Interpret and integrate
information about the various
physical, biological and social
components of the particular
landscape
Uncertainties:
 Lack of indicators (eg MKB,
LCA, ecological footprints,
environmental area, green
accounts, Factor 4, Factor 10
etc.)
 Difficulty in assessing
environmental capacity and
cumulative impact
 Complexity of balancing
biological, ecological, economic,
social and cultural requirements
 Lack of influence on future use
and management of site and
buildings
Phases:
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
MATERIAL
 Recycled
 Renewable
 Processed
LAYOUT
SYSTEMS
DESIGN CONSIDERATIONS: SITE PLANNING
Considerations Design criteria
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Ecosystems, Habitat And Species Protection
 Enhance and preserve endemic vegetation and species
 Restore damaged ecosystems
 Incorporate habitats for indigenous animals
 Create self-sustaining landscapes
Ecology
 Ecosystems
 Habitats
 Biodiversity
Resource Responsibility – materials selection
ETHIC: VALUE ECOLOGICAL WEALTH
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Reduce pollution and greenhouse
gases by:
 Passive design
 Materials selection that
considers:
- embodied energy
- sources
- production
Uncertainties:
 Identification of sustainable
local resources.
 Difficulty in assessing
- regional/local factors
- environmental impact of
renewable resource
production
- environmental resource
cost
extraction/manufacturing
process
- balance of durability,
maintenance, flexibility
- likelihood of future recycling
Phases:
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
MATERIAL
COMPONENTS
 Structure
 Floor
 Roof
 External walls
 External windows/vents & doors
 External & internal finishes
 Internal walls
 Internal doors
 Irrigation
 Equipment & Furniture
SYSTEMS
DESIGN CONSIDERATIONS: USE OF RESOURCES
Considerations Design criteria
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Manufacture/supply
 Source locally and consider environmental cost of transport
 Prioritise reused materials, components and buildings
 Consider recycled content and use of by-product
 Use renewable resources that are sustainably produced
 Consider that timber construction stores carbon
 Select for minimal processing
 Consider strategies to reduce use of materials
 Use materials that are non-ozone depleting
 Use non-hazardous and non-toxic materials (PVC and chlorine-free)
Construction
 Consider impact during construction and future demolition
 Consider strategies that facilitate dismantling and re-erection
 Detail to eliminate the need for pesticide treatments
 Support local employment and skills development
Building management
 Consider materials that will reduce heating and cooling loads
 Select low energy equipment/systems
 Prioritise equipment/systems that use renewable energy
 Prioritise water conservation fittings/systems
 Consider durability and maintenance
 Select composting/recycling equipment/systems
 Eliminate pesticide use and toxic cleaning methods
Material
 Recycled
 Renewable
 Processed
Materials Selection
 Manufacture/supply
 Construction
Building Management
Resource Responsibility – waste (materials construction and use)
ETHIC: VALUE ECOLOGICAL WEALTH
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Agree waste elimination
strategies:
 Redefine ‘waste’: prioritise
productive use of resources on
site, and if not possible use off
site.
 Implement waste management
plans during all stages.
Uncertainties:
 Identification of sustainable
local resources.
 Difficulty in assessing
- regional/local factors
- environmental impact of
renewable resource
production
- environmental resource
cost
extraction/manufacturing
process
- balance of durability,
maintenance, flexibility
- likelihood of future recycling
Phases:
BRIEF
DESIGN
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
LAYOUT
MATERIALS
COMPONENTS
SYSTEMS
DESIGN CONSIDERATIONS: USE OF RESOURCE
Considerations Design criteria
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Materials
 Use recycled material wherever possible
 Use simple durable materials and techniques
Reduce material usage.
 Simplify the building geometry to reduce building footprint
 Use the space more efficiently
 Dimensions to optimise material use and reduce cut-off waste
Reuse of Building
 Provide for future flexibility
 Allow for disassembly
Construction
 Minimise waste disposal
 Sort construction and demolition waste for recycling 
 Donate excess materials for reuse (eg self-help bin) 
 Designate stockpile areas on-site
 Reuse packaging
 Reuse ‘waste’ for civil works and landscaping
 Monitor waste disposal and discuss waste reduction strategies
 Institute a training program for construction workers
Building Operation
 Design for use of non-fossil fuels and renewable energy
 Reduce operational energy consumption
 Incorporate recycling areas for separation and collection
 Identify all waste streams and prepare waste management plan
 Reuse ‘waste’ on-site
Waste
 Materials
 Materials usage
 Reuse of Building
 Construction
 Building operation
Resource Responsibility – conservation
ETHIC: VALUE ECOLOGICAL WEALTH
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Identify strategies that conserve
resources:
 Determine ways to minimise
depletion of natural resources
 Identify alternative energy
sources
 Assess feasibility of alternative
energy sources
 Identify opportunities for
multiple uses
 Provide for appropriate flexibility
 Use Life-Cycle Assessment
techniques
Uncertainties:
 Market availability of alternative
energy technology.
 Cost of alternative energy
alternatives.
 Site selection may restrict
potential for expansion.
 Cost and complexity of flexibility
in planning.
 Loss of immediate functionality
in planning for flexibility
Phases:
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
LAYOUT
MATERIALS
SYSTEMS
DESIGN CONSIDERATIONS: USE OF RESOURCE
Design criteria Considerations
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Natural resources
 Minimise the depletion of natural resources
 Eliminate use of fossil fuels
Multiple purpose
 Use ‘waste’ for landscaping, civil works or building material.
 Combine thermal mass with structural support
 Use earth roof for insulation, thermal mass and as green area
 Use banks of earth roof to provide ramped access to upper level or
landscaped space, eg amphitheatre, terrace gardens
 Use solar space heating sunspace as greenhouse
 Combine wind baffles, sun shading and control of day light
 Use evaporative cooling, wind chimes, etc to create white noise
 Use unconditioned climate mediating space for circulation
Flexibility
 Plan for expansion of building
 Allow for changing technology (eg replacement of services, systems,
etc)
 Accommodate change in work patterns (eg fluid team structures)
 Accommodate changes in function of building
 Allow for changes in OH&S standards
 Include redundant capacity in services, structure etc
 Optimise passive design as is unlikely to become obsolete
Life-Cycle Assessment
 Support appropriate cultural and behavioural change
Conservation
 Natural resources
 Multiple purpose
 Flexibility
Resource Responsibility – social impact (local, regional, global)
ETHIC: VALUE ECOLOGICAL WEALTH
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Evaluate social impact:
 Integrate in analysis of overlays
of the existing conditions
 Establish inter-relationships that
are sustainable without
irreparable damage
Uncertainties:
- Identification and interpretation
of social factors.
- Difficulty in evaluating global
impact.
- Cooperation of governmental
authorities in the resolution of
some local and regional social
impacts.
- Balance of potentially conflicting
community needs.
- Priorities of client.
- Influence beyond occupation of
building
Phases:
BRIEF
SITE PLANNING
DESIGN
OCCUPATION
Key Inter-relationships:
PROJECT LINKS
SYSTEMS
DESIGN CONSIDERATIONS: USE OF RESOURCE
Design criteria Considerations
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Local
 Demonstrate responsible resource management in interface between
built and natural environment and communities
 Walking distance to housing with diversity to suit a wide range of socio-
economic backgrounds.
 Accommodate local pedestrian use
 Select location and character to complement wider community
 Present image that is welcoming, responsive, environmentally friendly
and community spirited
 Encourage community use of open space and facilities
 Consider use at all hours
 Minimise parking and facilitate car pooling, etc
 Site buildings to enhance the public space
 Create variety of places for meeting, solitude, community interaction,
learning, adventure and delight
 Create variety of vistas to and from the site
Regional
 Provide access to public transit, pedestrian corridors, and bicycle paths.
 Roads, bike paths and pedestrian paths should be part of larger
network.
 Establish/reinforce networks of open space (regional parkland, urban
forests, interpretive trails, water courses, habitats, etc)
 Enhance cultural and historic character.
Global
 Ensure social equity in the distribution of the costs and benefits
associated with the use of resources.
Social Impact
 Local
 Regional
 Global
Resource Responsibility – organisational impact
ETHIC: VALUE ECOLOGICAL WEALTH
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Establish Environmental
Management Plan:
 Hand-over project with a
comprehensive Environmental
Management Plan that
incorporates:
- Design philosophy
- Documentation of all
systems
- Operational procedures
- Feedback mechanisms
- Environmental
audit/monitoring program
- Action plans
- Strategies for fine tuning
 Make plan helpful for occupants
to identify problems, figure out
responses and take appropriate
action
Uncertainties:
- Identification and interpretation
of social factors
- Difficulty in evaluating global
impact
- Cooperation of governmental
authorities in the resolution of
some local and regional social
impacts
- Balance of potentially conflicting
community needs
- Priorities of client.
- Influence beyond occupation of
building
Phases:
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
Key Inter-relationships:
SYSTEMS
Energy conservation
Water management
Habitat protection Movement
systems
Operational (building, landscape,
site)
Waste management
Environmental management
DESIGN CONSIDERATIONS: USE OF RESOURCE
Design criteria Considerations
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Building management
 Consider materials that will reduce heating and cooling loads.
 Prioritise equipment/systems that use renewable energy.
 Select low energy equipment/systems.
 Prioritise water conservation fittings/systems.
 Consider durability and maintenance.
 Select composting/recycling equipment/systems.
 Eliminate pesticide use
Soil/Water Management
 Retain existing vegetation to control erosion.
 Protect existing vegetation and soil for weed invasion.
 Protect natural drainage systems from sedimentation. 
 Define limits of disturbed areas, traffic movement, stockpiles, etc.
 Retain for landscaping or give away vegetation that must be cleared.
 Program construction at appropriate times of year.
 Program re-planting as soon as possible as areas can be made ready.
 Reuse material from site (excess soil, timber, demolition material, etc)
 Use organic fertiliser, compost, mulch, etc.
 Use organic pest control methods
Social Impact
 Local
 Regional
 Global
Resource Responsibility – ethics and politics
ETHIC: JUSTICE FOR PEOPLE AND NATURE
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Redefine ‘resource’:
 Identity resources in a way that
does not imply inferiority or
inherently commodifies
 Make solutions visible to
challenge building occupants
and wider community to
examine the underlying social,
scientific, and cultural
connections that operate, and
how they cause environmental
degradation
 Seek publicity
Uncertainties:
 Conflict with owner expectations
 Lack of data and economic
models founded on
environmental principles
 Owner/occupier desirability of
publicity
 Additional time/cost
 Talent for presentation of public
image
Phases:
BRIEF
DESIGN
OCCUPATION
Key Inter-relationships:
DESIGN PROCESS
PROJECT LINKS
 Physical
 Biological
 Ecological
 Social
 Cultural
 Political
 Economic
LAYOUT
MATERIALS
COMPONENTS
SYSTEMS
DESIGN CONSIDERATIONS: USE OF RESOURCE
Design criteria Considerations
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Equity
 Recognise natural objects other than humans as having independent
value
 Protect equity for people and non-humans without market power
 Support fair distribution of and fair profit from non-renewable resources
 Do not allow toxic waste to become a commodity
 Consider that increased concentrations of greenhouse gases largely due
to industrialised countries
 Prioritise control and use of local resources.
 Prioritise use of labour intensive rather than materials intensive
techniques
 Practice non-discriminatory land use practices
 Prioritise the reuse and refurbishment of buildings, landscape and
infrastructure
Visible Solutions
 Consider non-human beings as ethically significant
 Recognise the right for nature to be represented
 Publish in technical journals, books etc
 Present papers, public talks, etc
 Publish in popular press
 Enter awards
 Give tours of project
 Seek film and television coverage
Equity
 Resource distribution
 Waste management
 Landuse
Public Image
 Visible solutions
 Public relations strategies
 Research strategies
Resource Responsibility – life-cycle analysis
ETHIC: JUSTICE FOR PEOPLE AND NATURE
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Integrate ethics and politics:
 Include ecological impacts in
assessment and managing risks
 Identify suitable Life-Cycle
Assessment (LCA) tools and
apply as appropriate.
Uncertainties:
 Relies on many assumptions (eg
pattern of use, maintenance
regime, quantification of
impacts, etc)
 Difficult to assess global impact
 Quantification of political, social,
cultural and environmental
factors is very contrived.
 Limited LCA databases
available and data may not be
generic
 Difficult to assess cumulative
impact
 Time consuming and costly
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
DESIGN PROCESS
PROJECT LINKS
LAYOUT
MATERIALS
COMPONENTS
SYSTEMS
DESIGN CONSIDERATIONS: USE OF RESOURCE
Design criteria Considerations
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Life-Cycle Assessment
 Assess environmental load
- Greenhouse effect (eg CO²)
- Ozone depletion (eg CFC’s)
- Acid rain (NO²)
- Waste heat
- Toxic waste
 Assess impact
- Green house effect
- Fossil fuel depletion
- Acidification
- Water pollution
- Toxic waste
 Assess social, political, cultural and economic impacts
 Assess development in terms of design, construction, operational
energy, maintenance, repair, refurbishment, demolition and replacement
Life-Cycle Assessment
 Environmental load
 Environmental impact
 Social, political, cultural and
economic impact
Resource Responsibility – communication (participation)
ETHIC: RECOGNISE THE PROCESS OF CHANGE
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Support meaningful
communication:
 Organise a participatory design
process
- Team centred
- Exploratory
- Integrated
 Base interactions on mutual
thriving, trust and care
 Legitimise emotional expression
(self-direction, communication,
creativity, love)
 Find ways to give a voice to
speechless others
Uncertainties:
 Intricacy of a demanding
process
 Unwieldy nature of a large team
that may include a variety of
design professionals and
representatives of the building
owner and occupants of various
backgrounds
 Logistics of bringing a large
team together to work in one
location
 Difficulty in including speechless
others
 Commitment to making choices
based on environmental
consequences
 Skill level of team and costly
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
DESIGN PROCESS
DESIGN CONSIDERATIONS: USE OF RESOURCE
Considerations Design criteria
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Team centred
 Find like minded people for team
 Physically locate full-time members of team in one workplace
 Assert a friendly working atmosphere
 Ensure key designers from all disciplines are full-time
 Include owner, occupants, maintenance staff, contractors, suppliers, etc
in design process
 Include local authorities and community in discussion.
 Find advocates for speechless others, (biodiversity, ecology, wetlands,
wildlife habitats, atmospheric hygiene, eco-justice, etc)
 Involve all of multi-disciplinary team in meetings
 Reflect on values
 Establish design strategy
STRATEGY
Participation
 Team-centred
Interaction
 Exploration
Expression
 Integration
Resource Responsibility – communication (interaction)
ETHIC: RECOGNISE THE PROCESS OF CHANGE
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Support communication:
 Organise a participatory design
process
- Team centred
- Exploratory
- Integrated
 Base interactions on mutual
thriving, trust and care
 Legitimise emotional expression
(self-direction, communication,
creativity, love)
 Find ways to give a voice to
speechless others
Uncertainties:
 Intricacy of a demanding
process
 Unwieldy nature of a large team
that may include a variety of
design professionals and
representatives of the building
owner and occupants of various
backgrounds
 Logistics of bringing a large
team together to work in one
location
 Difficulty in including
speechless others
 Commitment to making choices
based on environmental
consequences
 Skill level of team
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
DESIGN PROCESS
DESIGN CONSIDERATIONS: USE OF RESOURCE
Considerations Design criteria
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Exploration
 Educate team
 Support informal interaction
 Review design precedents
 Review available design guides, standards, resources 
 Encourage experience based discussion
 Use language that is accessible/ meaningful to everyone (eg try different
ways of communicating
 Imagine what space will feel like (eg what people will do in the space,
what details will support the desired outcome, how people will respond,
possible ways of organising ad shaping the building) 
 Visit/experience similar places to the imagined design.
 Listen to what the occupants want and team perceptions
 Help building occupants to translate their ideas into a built form (take
them through your design process, take them to visit similar places,
mock up their ideas, work with them to experience their daily routines in
real time)
 Work in a variety of ways (eg collectively, individually, small group
collaboration)
 Brainstorm throughout design process
 Ongoing ecological assessment
 Ongoing review of design strategy and assumptions
 Innovation
STRATEGY
Participation
 Team-centred
Interaction
 Exploration
Expression
 Integration
Resource Responsibility – communication (integration)
ETHIC: RECOGNISE THE PROCESS OF CHANGE
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Support communication:
 Organise a participatory design
process
- Team centred
- Exploratory
- Integrated
 Base interactions on mutual
thriving, trust and care
 Legitimise emotional expression
(self-direction, communication,
creativity, love)
 Find ways to give a voice to
speechless others
Uncertainties:
 Intricacy of a demanding
process
 Unwieldy nature of a large team
that may include a variety of
design professionals and
representatives of the building
owner and occupants of various
backgrounds
 Logistics of bringing a large
team together to work in one
location
 Difficulty in including speechless
others
 Commitment to making choices
based on environmental
consequences
 Skill level of team and costly
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
DESIGN PROCESS
DESIGN CONSIDERATIONS: USE OF RESOURCE
Considerations Design criteria
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Integration
 Use a variety of design tools (talking, imagining, drawing, physical
models, mock-ups, simulation, prototypes)
 Use delivery method appropriate to design process
 Highlight and explain green design in contract documentation
 Repeat/multiple reference green components in all documentation (eg
drawings, specification, schedules) and integrate across all disciplines
(or trade packages)
 Include discussion of green design in site meetings as standing item
 Provide information sessions and ‘user manuals’ for occupants of
building
 Provide information sessions and easy to understand ‘operations
manuals’ for maintenance and building management staff
 Revisit projects to gain feedback
STRATEGY
Participation
 Team-centred
Interaction
 Exploration
Expression
 Integration
Resource Responsibility – communication (aesthetic)
ETHIC: RECOGNISE THE PROCESS OF CHANGE
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Determine appropriate aesthetic
considering:
 Expression of meaning and
values
 Creation of experience
 Responsibilities
 Local/bioregional/ biospheric
environmental factors
Uncertainties:
 Client acceptance
 Market acceptance
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
DESIGN PROCESS
PROJECT LINKS
LAYOUT
MATERIALS
COMPONENTS
SYSTEMS
DESIGN CONSIDERATIONS: USE OF RESOURCE
Considerations Design criteria
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Expression
 Give the form/space feeling /meaning
 Recognise taste as a sign of deeper values
Experience
 Prioritise utility in the making of a place where people live, wok, visit, etc
 Recognise the built environment will be part of people’s understanding of
themselves and the world around them
Engagement
 Responsibility for creation of a public object
 Recognise dependence on a healthy biosphere
Beauty
 Intelligible realisation of feeling or meaning
 Inhabitable sculpture that is a synthesis of art and craft
 Adaptation of form to suit function
 Innovative, imaginative and stimulating experience
 Localised quality/bioregional character
 Environmentally sensitive design
Aesthetics
 Expression
 Experience
 Engagement
 Beauty
Resource Responsibility – health safety & comfort
ETHIC: IMPLEMENT A PREVENTATIVE HEALTH MODEL
DESIGN PRINCIPLES: RESPECT ECOLOGICAL LIMITS
Evaluation Stability Relationships
Plan for health, safety and
comfort:
 Design, use, and maintain a
healthy building
 Identify suitable non-toxic
materials such as natural fibre
wool and linoleum floor
coverings, wool insulation, non-
toxic paints and timber
treatments, mesh protection
from termites
 Eliminate exposure to harmful
chemicals, pesticides, etc
 Make places that people are
happy to be in
Uncertainties:
 Effect on health may vary by
building type, population,
location, etc
 Significance of allergies, hyper-
sensitivity and varying exposure
levels
 Significance of social relations,
health, personal factors and
lifestyle
 Level of emissions and
interaction between buildings,
users, furnishings and activities
 Biomarkers for sensitivity or
exposure levels
 Sick building symptoms
 Criteria for happy building
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
END
Key Inter-relationships:
DESIGN PROCESS
PROJECT LINKS
LAYOUT
MATERIALS
COMPONENTS
SYSTEMS
DESIGN CONSIDERATIONS: USE OF RESOURCE
Considerations Design criteria
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Materials Selection
 Limit release of pollutants eg VOC, radon
 Remove indoor pollutants & block spread of indoor contaminants
Design
 Ensure reasonable thermal comfort range
 Provide 100% fresh air and continuous ventilation
 Control moisture to limit biological or chemical attacks
 Design air systems for easy cleaning and maintenance 
 Avoid reliance on mechanical equipment
 Control indoor chemicals and pollutants and install health hazard
warning detectors (eg CO2 monitors)
 Use plants and water for purifying air
 Give occupants control of their environment through operable windows,
task lighting, and temperature controls
 Give occupants access to outdoors and exercise
 Consider security (eg defensible space, lighting, visibility)
 Introduce maximum daylight and allow for individual control of daylight
conditions and a variety of artificial lighting
 Ensure all occupants have views to the outside
 Employ safe construction methods
Happy Buildings
 Create healthy and beautiful building and grounds
 Provide affordable comfort conditions
 Provide flexibility and individual control
 Create responsible places that occupants may be proud of
Health/Safety/Comfort
 Materials
 Design
 Happiness
FIGURE 5.27 Passive Design –comfort
ETHIC: STANDARD OF LIVING THAT IS SUSTAINABLE ON A GLOBAL LEVEL
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
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Adopt a wider temperature range
appropriate to the climate and
activities:
 Establish comfort zone that
takes into account etabolic
rates, clothing, air temperature,
radiant temperature, airflow,
humidity, air quality and natural
fluctuations (eg daily, seasonal)
 Describe comfort zone relevant
to particular spaces in relation
to activities that are to take
place in that space
Comfort Conditions
 Acceptance of wider
temperature range
 Difficulty in measuring and
predicting full range of factors of
thermal comfort
 Occupant management of
manual measures
 Occupant understanding of
operation of building controls.
 Building performance may rely
on an educated, intelligent and
responsible use by the
occupants
Phases:
BRIEF
DESIGN
OCCUPATION
Key Inter-relationships:
LAYOUT
SYSTEMS
DESIGN CONSIDERATIONS: BUILDING FORM &FABRIC
Considerations Design criteria
Comfort Conditions
 Establish wider parameters for thermal comfort.
 Be prepared for building to need to be fine tuned over time (number of
years)
 Consider that satisfaction with the work area thermal conditions is higher
when the level of individual control increases. (eg individual control of
openable windows and air movement, sunshading, daylighting and task
lighting, heating and cooling)
 Allow for variance in perceptions of thermal comfort with the climate and
season
 Encourage variance in occupants dress habits to suit the climate and
season and nature of work
 Consider that levels of activity and therefore thermal comfort, varies with
nature of work
 Consider impact of air quality on thermal comfort
Comfort
 Thermal
 Air Quality
 Lighting
 Acoustics
 Function
 Character
Passive Design – energy
ETHIC: STANDARD OF LIVING THAT IS SUSTAINABLE ON A GLOBAL LEVEL
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
Integrate passive measures to
establish options and
opportunities to minimise energy
usage:
 Reconcile user brief with
optimum form of space for
passive measures
 Prioritise options that achieve
multiple outcomes
 Quantify and compare the likely
overall energy demands
Comfort Conditions
 Acceptance of wider
temperature range
 Difficulty in measuring and
predicting full range of factors of
thermal comfort
 Occupant management of
manual measures
 Occupant understanding of
operation of building controls.
 Building performance may rely
on an educated, intelligent and
responsible use by the
occupants
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
Key Inter-relationships:
SYSTEMS
LAYOUT
MATERIALS
DESIGN CONSIDERATIONS: LOW ENERGY
Considerations Design criteria
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Passive Design Techniques:
 Appropriate comfort conditions
 Climate responsive siting and landscape
 Climate responsive building form and massing
 Optimise natural ventilation
 Stabilise internal temperatures
 Optimise shading to balance summer, winter and daylighting conditions
 Integrate passive solar design
 Consider radiant cooling/heating strategies
 Consider evaporative cooling
 Consider thermal exchange strategies
 Utilise incidental heating
 Consider wind effects
 Consider acoustic implications
 Optimise daylighting
 Select appropriate colours
 Prioritise passive measures and avoid over utilising active measures
Energy
 Passive design
 Active measures
Passive Design – landscape
ETHIC: STANDARD OF LIVING THAT IS SUSTAINABLE ON A GLOBAL LEVEL
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
Integrate in decisions about
building form and massing:
 Identify opportunities to utilise
plants and landscape to
influence climatic, air quality
and acoustics within and around
building
 Identify suitable plant material
and landscapes
Uncertainties:
 Surrounding buildings and
landscape will effect solar
access and ventilation
 Potential for future use of solar
collection may dictate the
orientation and relationship of
buildings
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
Key Inter-relationships:
LAYOUT
DESIGN CONSIDERATIONS: BUILDING FORM &FABRIC
Considerations Design criteria
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Siting/Landscape
 Maintain distance between buildings for solar access 
 Utilise buildings and landscape to direct air movement
 Create microclimate conditions that improve thermal comfort and air
quality
 Block cold winds and channel breezes for cooling with by siting and
vegetation
 Use vegetation for shade and insulation
 Use groundcover and shade to reduce reflection
 Attenuate noise with vegetation
 Increase humidity around building with vegetation and water features
 Filter air around building using vegetation
Siting
 Landscape
 Passive solar
 Wind
 Building layout
Passive Design – siting
ETHIC: STANDARD OF LIVING THAT IS SUSTAINABLE ON A GLOBAL LEVEL
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
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Integrate passive solar measures
into siting and design of the
building:
 Assess local thermal comfort
conditions and establish the
opportunities
 Integrate direct use of sun to
heat building and provide
daylight
 Identify products to use in the
design
 Quantify and compare the likely
overall energy demands
 Explore the applicability of
simulation models
 Optimise the performance
through flexibility of controls
Uncertainties:
 Direct use of solar gain relies on
capturing the sun and
transferring heat effectively to
the space. Comfort conditions
may be difficult to maintain if
people inhabit the area of direct
gain
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
Key Inter-relationships:
LAYOUT
DESIGN CONSIDERATIONS: BUILDING FORM &FABRIC
Considerations Design criteria
Solar
 Use sun direct to heat building. Consider orientation, location, size, type
and shading of glass; use of mass for heat storage; heat loss; glare;
pattern of use of space; and heat circulation to adjacent rooms
 Use solar air and water heaters. Consider collection, storage, heat
exchange and distribution
 Use Trombe wall to absorb and release heat. Consider orientation,
location, wall area, materials, wall thickness, colour, vents, insulation,
shading
 Use sunspaces, greenhouses, etc for heating in winter, to vent hot air in
summer, and as a buffer to mediate the ambient temperature. Consider
orientation, relationship with building, overheating, materials)
Passive Design – wind
ETHIC: STANDARD OF LIVING THAT IS SUSTAINABLE ON A GLOBAL LEVEL
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
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Consider wind effects:
 Evaluate exterior air flow
around building.
 Evaluate impact on interior
thermal conditions
 Analyse means to block
unwanted winds
 Analyse means of encouraging
wanted breeze and airflow
 Explore the applicability of
simulation models
 Explore wind tunnel tests as a
tool for optimising design air
intake and outlets
 Prototype wind protection and
wind catching devices
Uncertainties:
 Availability of local
meteorological and pollution
data.
 Limitations of wind tunnel
analysis.
 Complexity of wind effects,
particularly in built up areas.
 Lack of comprehensive
modelling tools.
 Complexity of impacts of
radiation, convection, moisture,
planting, water bodies, etc.
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
Key Inter-relationships:
LAYOUT
DESIGN CONSIDERATIONS: BUILDING FORM &FABRIC
Considerations Design criteria
Wind
 Consider wind effect on ventilation and air passage
 Consider impact of wind around building
 Investigate diffusion of pollutants around building in relation to
atmospheric pollution and the location of ventilation intakes
Wind
 Ventilation
 Impact on buildings
 Pollution
Passive Design – building form
ETHIC: USE OF THE BUILDING FORM AND FABRIC TO COLLECT, STORE AND DISTRIBUTE ENERGY
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
Determine building form and
massing.
 Determine optimum building
form in relation to functional
requirements and passive
design
 Integrate with analysis of the
site and early decisions
favouring water conservation,
land conservation, atmospheric
hygiene and enhancement of
ecosystems, habitats and
species
Uncertainties:
Building layout
 A compact building form may
better suit air-conditioning, but
not suited to natural ventilation
 Air pollution, noise, wind effects,
etc present in urban areas may
restrict solar access and
effectiveness of passive
ventilation
Phases:
PROJECT INITIATION
BRIEF
SITE PLANNING
DESIGN
Key Inter-relationships:
LAYOUT
DESIGN CONSIDERATIONS: BUILDING FORM &FABRIC
Considerations Design criteria
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Building layout
 Determine width of building in relation to natural ventilation, daylighting
and views out
 Orient building to optimise solar gain in winter and reduce gain in
summer
 Consider slope of roof in relation to solar gain and wind effects
 Determine height of space in relation to ventilation and stratification
 Use unconditioned areas to insulate from temperature extremes (eg
locate to protect from western sun)
 Use unconditioned space to mediate climate (eg central court)
 Use circulation space as buffer (eg verandah that also serves as
sunshading)
 Catch wind to increase rate of ventilation (eg vertical projections outside
windows, wind catchers, balconies, etc)
 Consider breezeways to assist ventilation
 Consider opportunities for radiant cooling, evaporative cooling, thermal
exchange, etc
 Consider impact of sound/noise
Building form
 Layout
 Massing
Passive Design – ventilation
ETHIC: USE OF THE BUILDING FORM AND FABRIC TO COLLECT, STORE AND DISTRIBUTE ENERGY
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
Optimise natural ventilation:
 Assess local thermal comfort
conditions and opportunities
 Reconcile user brief with
optimum form of space for
natural ventilation
 Explore integrated solutions
with a multiplicity of benefits
 Identify products to use in the
design
 Explore the applicability of
simulation models or ‘rules of
thumb’ (eg wind tunnel tests)
 Prototype solutions (eg wind
protection to outlets and inlets)
to determine final design
 Optimise the performance by
flexibility of controls
Uncertainties:
 Comfort expectations may limit
acceptability of direct ventilation
 Reconciliation of required width
and height of rooms, and
position of openings with user
requirements
 Internal layout, furniture, etc
may obstruct airflow
 Infiltration of unwanted air (eg
opening of windows, leakage,
etc) may heat up building in
summer and cool it in winter
 Difficulty of modelling ventilation
(eg impact of occupant
behaviour, coupling of radiation,
convection, heat conduction,
wind effect, etc)
Phases:
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
Key Inter-relationships:
COMPONENTS
DESIGN CONSIDERATIONS: BUILDING FORM &FABRIC
Considerations Design criteria
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Natural Ventilation
 Use direct ventilation to keep indoor temperature same as outdoor
temperature
 Air circulation to assist homogeneous distribution of the air temperature
in the room and for cooling effect
 Cross ventilation for the emission of fresh air, to exhaust heat and also to
provide a cooling effect of air movement
 Stack ventilation to assist displacement ventilation 
 Stratification for cooling
 Incorporate wind baffles to prevent unwanted air movement inhibiting
natural ventilation (eg cold air ingress through winter trickle inlet, hot air
ingress through stack outlets)
 Consider impact of insect screening (eg 50% reduction)
 Night cooling to flush hot air from spaces in the summer.
 Fly roof to ventilate and insulate building
 Optimise windows for ventilation, heat loss/gain and daylight
 Consider convective air movement (eg walls/ceilings exchange heat with
indoor air, ceilings exchange heat with roof space, external walls,
windows and roof exchanges heat with outside air, heat rising in cavities,
night cooling)
Ventilation
 Direct
 Air circulation
 Cross ventilation
 Stack effect
 Stratification
 Protection
 Night cooling
 Convective
 Integration
Passive Design – thermal inertia
ETHIC: USE OF THE BUILDING FORM AND FABRIC TO COLLECT, STORE AND DISTRIBUTE ENERGY
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
Consider employing thermal mass
to stabilise internal temperatures:
 Assess local thermal comfort
conditions and establish the
feasibility
 Reconcile need for flexibility
with use of heavy material
 Integrate with other passive
measures to establish options
 Integrate with green roof/space
if possible
 Identify materials to use in the
design
 Explore the applicability of
simulation models or ‘rules of
thumb’
Uncertainties:
 Success of thermal mass to
lower indoor temperature below
outdoor depends on people
keeping the building closed
when outdoor temperature is
higher.
 Highly insulated, mass buildings
may cause discomfort if outdoor
temperature remains
consistently higher than indoor
and mass is unable to e kept
cool
Phases:
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
Key Inter-relationships:
COMPONENTS
DESIGN CONSIDERATIONS: BUILDING FORM &FABRIC
Considerations Design criteria
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Thermal Inertia
 Incorporate exposed internal thermal mass to act as a heat sink to
stabilise internal temperatures. Thermal mass may absorb act as a heat
bank in winter and to absorb heat in summer, which, in conjunction with
night cooling, will have cooling effect
 Consider radiant heating and cooling comfort of thermal mass
 Direct couple with the earth by earth berming or underground
construction to stabilise internal temperatures
 Use lightweight construction in conjunction with natural ventilation when
desired temperature is similar to ambient
 Use external insulation with internal layer of high mass, air gap and
internal high mass to optimise high mass construction
 Consider high mass internal walls, floors and ceilings, rather than high
mass external walls as effectiveness of high external construction will be
compromised by large window openings.
 Consider thermal labyrinth under or within building
 Insulate to reduce the heat loss in the winter and heat penetration in the
summer
 Minimise air leakage if comfort conditions are discordant with ambient
temperatures. Airtight construction and airlocks may prevent heat loss in
winter and ingress of hot air in summer
 Internal insulation will prevent mass from absorbing heat
Thermal Inertia
 Thermal mass
 Radiant effect
 Lightweight Construction
 Insulation
 Earth coupling
 Integration
Passive Design – shading
ETHIC: USE OF THE BUILDING FORM AND FABRIC TO COLLECT, STORE AND DISTRIBUTE ENERGY
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
Use shading of direct sun to
reduce heat gain in summer and
to adjust daylighting for
comfortable use
 Assess sun angles and
establish the shading
requirements
 Reconcile need for winter solar
gain and individual control of
daylight and views
 Integrate with other passive
measures such as wind baffles
if possible
Uncertainties:
 Impact of future buildings and
landscape
 Changing work practices
Phases:
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
Key Inter-relationships:
COMPONENTS
DESIGN CONSIDERATIONS: BUILDING FORM &FABRIC
Considerations Design criteria
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Shading
 Optimise shading for solar gain in winter, to reduce gain in summer and
to enhance daylighting
 Consider that external shading is most effective
 Consider that shading may compromise direct solar gain when desired
for heating
 Effectiveness of shading decreases when windows are open
 Use reflective roofing
 Consider high performance glazing
Shading
 External
 Internal
 Daylighting
 High performance glazing
 Integration
Passive Design – acoustics
ETHIC: USE OF THE BUILDING FORM AND FABRIC TO COLLECT, STORE AND DISTRIBUTE ENERGY
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
Consider acoustic implications:
 Assess sound sources (internal
and external)
 Evaluate insulation qualities
necessary for privacy, control of
noise and reverberation
Uncertainties:
 Accuracy of modelling tools
 Changing external and internal
noise sources
Phases:
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
Key Inter-relationships:
COMPONENTS
DESIGN CONSIDERATIONS: BUILDING FORM &FABRIC
Considerations Design criteria
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Sound
 Sound insulation qualities necessary for privacy, control of noise and
reverberation
 Sound absorption rating of internal wall surfaces should be maximised
without compromising light reflection, hygiene, or, if wall operating as
thermal mass, thermal acceptance of wall surface
 Sound transmission of external walls
 Consider that glazing is probably the limiting factor in the exclusion of
external noise by building envelope
 Consider that massive walls unlikely to be a problematic source of
transmission
 Consider value of white noise
Acoustics
 Noise
 Sound
Passive Design – techniques
ETHIC: USE OF THE BUILDING FORM AND FABRIC TO COLLECT, STORE AND DISTRIBUTE ENERGY
DESIGN PRINCIPLES: OPTIMISE AMBIENT CONDITIONS
Evaluation Stability Relationships
Integrate passive technology:
 Assess local thermal comfort
conditions and establish the
opportunities
 Explore the applicability of
simulation models or ‘rules of
thumb’
 Explore prototypes as a tool for
assessing design opportunities
 Optimise the performance and
flexibility of controls
 Evaluate each passive measure
for relevance and use of colour
 Integrate colour and materials
selection choice
 Avoid over providing active
measures
Uncertainties:
 Client expectations (comfort
conditions, degree of control etc)
 Team knowledge and
commitment to passive design
 Lack of demonstration projects
and monitored data
 Lack of design guides
 Effectiveness of modelling tools
 Consistent performance of
passive measures
 Difficulty in predicting natural
effects and climate
 Availability of appropriate
materials/ techniques
Phases:
SITE PLANNING
DESIGN
DOCUMENTATION
CONSTRUCTION
OCCUPATION
Key Inter-relationships:
COMPONENTS
DESIGN CONSIDERATIONS: BUILDING FORM &FABRIC
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Considerations Design criteria
Radiant Cooling
 Use night sky to absorb heat
 Consider high mass, conductive roof, ponded roof, thermal exchange with water,
insulation, metallic roof
Evaporative Cooling
 Direct evaporative cooling may be achieved by
- passive downdraft towers
- spray mist of air intakes/external areas
- large droplet shower effect in front of air intake
 Indirect evaporative cooling may employ
- ponding
- spraying of roof or walls
- spraying within roof, wall or ceiling cavity cooled earth
Thermal Exchange
 Aquifer, sea lakes, ponds, rivers heat exchange
 Ground source thermal exchange using air/water pipes, etc
 Heat reclamation from building or systems
Incidental Heat
 Use heat released by people equipment, plant, etc
Colour
 Consider effect of colour on heat reflection and absorption from building
elements and on shading performance
Active measures
 Allow for future flexibility in provision and control of passive and active
measures as building is fine tuned
Techniques
 Cooling
 Heating
 Ventilation
 Active measures
 Integration
